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PREFACE. 



In attempting to make this work a faithful record of the 
present state of Inorganic Chemistry, the author found that 
the limits within which it was originally intended to confine 
it were quite inadequate to enable him to treat the subject 
with that fulness which seemed to him desirable. It has 
been decided, therefore, to extend the work over two volumes. 
The present volume treats of the Non-Metallic Elements and 
their compounds; the second will be devoted to the considera- 
tion of the Metals, and of those questions in Chemical Theory 
which, according to the author's experience, are most profit- 
ably discussed after the leading facte of the Science are made 
known. The more important Laws of Chemical Combina- 
tion, and the main principles of the Atomic Theory are, 
however, considered immediately after the description of 
the Compounds of Oxygen and Hydrogen, in order that 
the student may understand the rational use of Symbolic 
Notation. 

The author would here record his sense of the aid he has 
derived from the excellent series of Abstracts of British 
and Foreign Chemical Memoirs, pubb'shed under the direc- 
tion of the Chemical Society of London. This English 
" Jahresbericht" is simply invaluable to the compiler of a 
modem chemical text-book. The author is likewise greatly 
indebted to Mr. Henry Watt's admirable Dictiona/ry of 
Chemistry, He ^desires, too, to express his obligations to 
his assistant, Mr. Dugald Clerk, for the care with which 
he has revised the proof-sheets, and for the attention he has 
bestowed on the <&awings for the figures; his thanks are 
also due to the engraver, Mr. Stephen Miller, for the care- 
ful manner in which the wood-cuts have been executed. 



Glasgow, Nov,t 1873, 
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INOBGANIO CHEMISTEY. 

NON-METALS. 



CHAPTER L 



1. Introduction. — ^The word Chemistry is derived from 
the Greek xnM«*« {chemeia), employed by certain writers in 
the beeinning of the eleventh century to express "the art of 
maJd4 gold artificially"-a signification which we now 
attach to the word Alchemy. The root of the word is of 
doubtful origin. It is by some obtained from Chemia, an 
ancient name of Egypt, where the art is said to have 
originated. Some refer it to the Arabic Kimia, something 
hidden or secret; and others deduce it from the Celtic 
KheyTTiy fire. Even these do not exhaust the number of 
derivations which have been proposed. 

2. Province of Chemistry. — When a candle bums in the 
air it gradually disappears, and the material of which it is com- 
posed passes away unseen. But is this material annihilated 
because it is no longer visible ? Are we to suppose that when 
a body bums and disappears its substance is absolutely de- 
stroyed % We can only decide such a question by making the 
candle the subject of experiment; by carefully determining 
the precise condition under which it bums, and observing all 
tlie phenomena of its combustion. Experiment teaches us that 
if we bum it in a small confined space, say within a little bottle, 
the flame will languish, and sooner or later be extinguished ; 
but that if we so arrange matters that the space in which 
the candle bums is practically imconfined,the candle continues 
to be consumed, and ultimately disappeai-s. Now, if the 
candle required nothing to keep up its combustion, aAd gave 
off nothing in the burning to s^e its fiame, there is no 
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reason ■why it should not bum ns readily and as completely In 
tbe confined as in the open space. Let ns first determine if the 
candle gives ofi" anything in burning, Wo 
bring it on the end of a wire into a clean and 
dry glass vessel (fig. 1), and allow it to bum 
tliere for a short time. We notice, almost 
immediately after its introduction, that 
the sides of the vessel are bedewed with 
moisture; and if, after withdrawing the 
candle, we pour in a clear solution of limo 
a water {lime-water), we observe that tho 
liquid becomes turbid. It is scarcely nec- 
essary to assure ourselves that the candle, 
when not burning, and the wire, may ro- 
"n together within the globe for any 
9 length of time without tho glass being 
ng. I. bedewed, or the air so affected as to i-ender 

lime-water turbid. Obvioiisly, these effects are duo to tho 
combustion of the candle. As it disappears, water is pro- 
duced, together with a gas which turns lime-water milky. 
Still our query — Does any annihilation of matter occur 
when the candle bums) ia 





not fully answered. Wo 
require to know whether 
the aggregate weight of the 
pi-oducts of its combustion 
is equivalent to that of tho 
candle burned. We must, 
therefore, so bum the candle 
that theso products— tha 
water and the gas which 
affects lime-water — can be 
collected and weighed. Fig. 
2 represents an apparatus 
designed for tliis purpose. 
It consists of a wide glass 
tube, the npper half of 
which ia filled with large 
a few fragments of lime, 
stout 
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wire gaiize pushed into tLo tube : they aro intended to absorb 
the products of combustion. A cork fitting into the end 
of the tube, and pierced vith holes, supports the candle: 
this may be of pan^Gn, a, compound of carbon and hydrogen. 
The apparatus thus arranged is suspended from the end of 
a scale-beam, and is esactly counterbalanced. The cork is 
■withdrawTi, the candle lighted, and quickly replaced in the 
tube; it continues to bum rapidly, and without artificial 
aspiration if the spaces between the fragments in the tube 
are eufficiently ivide. If a loss of matter occurs as the 
■candle bums the apparatus must graduaUy decrease in 
ight ; if, however, the weight of the products of combus- 
is equal to that of the candle consumed, the equilibrium 
not be disturbed. But ive eeo that as the candlo 
diminishes the apparatus actually appears to ivcrecvie in weight, 
and that the longer it burns, the greater is the deflection of 
the index. The soda and lime must therefore have absorbed 
something in addition to the constituents of the candlo : tliat 
BomeiMng ia the substance derived from the air which sup- 
ports the combustion of the candle. This gas, which wo 
term oxygen, has combined with the constituents of Uio 
candle — with the hydrogen to form water, and with the 
carbon to form the gas, which aifects liuie-watcr, and to 
■which we give the name of carbon dioxida This ejqieri- 
ment therefore demonstrates to us that when a body burns 
and disappears, its constituents are not destroyed, but j 
into other combinations. 
This fact admits of a 
variety of illustrations. 
If we inflame a piece of 
gun-cotton (a compound 
of carbon, hydrogon, 
oxygen, and nitrogen, 
contoining a sufficient 
amount of oxygen to 
bum without air,) with- 
in an exhausted globe, 

it can be shown that tbo ^ig, 3. 

total weight of the invisible substances formed by the 
combustion is identical with that of the gaii-cQttoa.\»in£^ 
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The globe (fig. 3) is closed witli a caoutoliouc cork fitted 
■with a stop-cook ; through the cork run two copper wii'ea 
connected together at tiie end by a thin platinum, wire 
■WTftpped round the " piece of gun-cotton. The globe is 
exhaosted by means of the air-pump, and nccurately conn- 
teipoised whilst hanging on the aim of the balance. The 
thin platinum wire is then strongly heated by means of 
the electrical arrangement represented in the figure, and 
the gun-cotton thus fired. It completely disappears, but 
the -weight of the apparatus remains absolutely unaltered. 
By innumerable repetitions of such experiments, the 
truth of the fundamental principle that matter is in- 
destructible has boon established. The sum of created, 
matter is fixed and invariable. We cannot add any- 
thing to it, nor can we annihilate a particle of it. 
Tfiis principle constitutes Ike basis upon which rests tha 
tohole superatriLeiwre of tlve science of Ohemistfy — thai 
aeienee which concerns itsdf with the study oftl^e mutations 
ofmaMtT. 

3, Cbemical Affinity. — In burning the candle or the gim- 

1 cotton, -we have effected what is called a chemical decompo- 

^Aition, We have resolved these substances into othei-a, 

osaesaing essentially different properties. That modification 

ff force which brings about these changes^which causes the 

mbination of the oxygen of the air with the carbon and 

■jjiydrogea of the paraffin — is called chemical affinity. It ia 

Rinaracteristio of this force to educe from s given body 

Bother substances diffciing altogether in properties from tho 

f 'origin^, or by causing tho intimate juxtaposition of two 

substances, to produce a third body, essentially differing in 

properties firom its coniponentB. The true nature of this 

action is as much hidden fiom the chemist as is the nature of 

gravitation. He can simply observe its effects, and attempt 

to discover the laws which regulate it. In seeking for 

these laws, he is led to inquire into the composition of 

all mateiial things, and to study theli- action upon each 

other; to determine tho conditions of their stability, and 

the circumstances under which they combine together; 

to estimate the proportions of the constituents in the 

resulting compomids; and to elucidate their cim»^%uti.<m. 



aa,t is, to throw UgLt upon the manner in which they a 
built up and held together. 

In our earliest inquiries concerning this force, we notice 
that it cannot bring about union between all substonces ; 
thua, no combination of oxygen and fluorine is known to 
exist. Moreover, we observe that it is very unequally ex- 
ei-ted between substances. The same body, fluorine, has 
each an intense chemical affinity for certain metaU, and for 
silicon (an essential ingredient of glass and porcelain), that it 
is doubtful if it has yet been isolated. Chlorine and nitrogen 
exist together in such feeble combination, that the ulighteat 
action etfects their di-ninion. 

4. Uodifyinf Influence of Chemical Affinity — Difference 
between Chemical Compoauda and Mechanical Hixtaiee. — 
These substancRS, pai'afiin, gun cotton, wat<?i', &c., jlluati-ato 
tberemarfcablemodifjinginiluenceof chemical action. Carbon 
—a black shapeleaa aubstanco, and hydrogen — a colourless 
invisible gas, when chemically combined, give rise to the tiuns- 
parentwasy-looking body paraffin. So oxygen and hydrogen, 
both coloui'Iess permanent gases, when chemically combined, 
form that most familiar of all liquids — water. These examples 
servo also to distinguish between tho i-esulta of chemical 
action and mechanical admixture. By merely mixing 
oxygen and hydrogen in the proportion to form water, wo 
cannot produce that liquid. In the mixtui-e of the gases, the 
particles are in infinitely closer approximation than ai'o the 
particles of the finest powder that we can obtain by mechan- 
ical means; and yet, even after the lapse of years, we can, by- 
a suitable metiod, again separate the oxygen and hydrogen. 
But the two gases are i-eady to combine chemically wit.h 
each other. If we simply bring a light to the mouth of the 
vessel in which they are confined, or allow a spark to pass 
into the midst of tliem, they unite with the greatest 
energy. If we intimately mix iron filings and flowei-s 
of Bulpliur together, we get a, greenish-gray mass ; but, 
although the colour of tho mixture is sensibly different 
from that of either of its components, no such intimate union 
as that which chemical action effects has occun'ed. It is 
easy, by means of a lens, to discern tliat the particles of tho 
Bulpliur are raei-ely mixed with those of tlie iron; and by tho 
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aid of a magnet, tlio whole of the iroa may he separated from 
the sulphur. In fact, if the mixture be simply agitated in a 
large quantity of water, such a separation occui-s, and the 
iron and the sulphur arrange themaelvea in accordance with 
their different specific gravities. But, if the mixture of iron 
and sulphur is heated, chemical combination occurs, and the 
mass is no longer attracted by the magnet ; however finely 
powdered, sulphur cannot be discerned in it by means of a 
lens ; nor do its constituents sepai-ate out on agitation with 
water. The iron and sulphtu' have combined chemically to 
form a third substance — feiTOUS sulphide — possessed of proper- 
ties peculiar to itself. All the ingredients in mechanical 
mixtures can bo separated by mechanical means ; not so 
chemical compounds. We may reduce tlie ferrous sulphide 
to the finest possible- state of subdivision, and yet each 
particle will be made up of fen-ous sulphide, containing iron 

I and sulphur in e.tactly the same proportion as in the original 

L mass. The mici-oacopo affords us ample evidence of the 
extraordinary degree to which oven the most complicated 
chemical compounds may ho subdivided without their com- 
pound nature being destroyed. We know of animalcules bo 
minute, that myriads of iiem can exist in a drop of water, 
and yet each possesses an organized structui'e, made up of 
many proximate substances, each of which is composed of 
many atoms of carbon, hydrogen, oxygen, and nitrogen. 
And still these microscopic animals assimilate the chemical 
compounds of phosphorus, calcium, magnesium, and oxygen 
contained in the water, in order to build up the inorganic 
structure of their tiny frames. The film of a soap bubble 
can be obtained of a thickness not exceeding one four- 
millionth of au inclx ; and yet this film consists of soap and 

[ water — the water being composed of oxygen and hydi-ogen ; 

t and the soap of stearic, oleic and margaric acids combined 
with soda, these substances being, moreover, composed of 
cai-bon, hydrogen, oxygen, and sodium. 

Sir William Thomson, from certain lines of argument, 
which we cannot here enter into, has attempted to establish 
that in any ordinary liquid, ti-ansparent solid, or seemingly 
opaque solid, the mean distance between tho centi-es of 
contiguous molecules is less than the hundred-millionth, 



nknd greater than the two thousand-milliontli of a ( 
metre. "We may form some conception of tlie degree of 
coarae-graincdness thus indicated, if we imo^ne a itiia-drop 
or a solid globe of glass to be magnified up to the eize of tko 
earth, when, if each constituent molecule were enlarged in 
the same proportion, the magnified structure would be coarser 
gi-ained than a heap of small ahot, but probably less coiu'Sa 
grained than a, heap of cricket-balls.* 

S. XQements and ComponndB. — In subjecting all mutter ta 
his experiments, tlie chemist arrives at an ultimate division 
of substances into two great classea : — (1.) Elementary sub- 
etancGS — bodies which he is unable to resolve into anything 
essentially difierent from themselves ; and (2.) Compoimd 
substances — bodies which may be made to yield two or more 
essentially different substances. Thus, lie is unable to make 
carbon yield any other kind of matter ; nor can hydrogen, 
by any means at his disposal, be resolved into other Bub- 
Btances. Carbon and hydrogen are therefore tenned elements. 
On the other hand, porafiia is a compound ; it is comjiosed of 
carbon and hydrogen, into which substances it can be split 
up. So carbon dioxide is a compound ; it is composed of 
oxygen and carbon. Water also is a compound; it is composed 
of oxygen and hydrogen. So also gun-cotton is a compound, 
since, by the action of heat, we have seen that it is decom- 
posed, and its state permanently changed — we have resolved 
it into substances essentially differing from itself. The term 
element is to be understood with a certain limitation. As 
applied to any substance, it must be taken simply to mean 
that, up to the present time, no one has succeeded in decom- 
posing that substance. Any such idea that these bodies are 
in their essence elementary, might lead us into en-or; for 
many substances, formerly supposed to be simple, are now 
known to be compounds; and no one can predicate that the 
substances we class among the elements to-day, will ho 
ultimately found to be absolutely simple bodies. 

The following is a list of the elements at pi-esent known 
to us. So far as wa can tell, the entire universe is built up 
of these sixty-three elements and their combinntiona, 

• Naliire, p. 551, 1870. 
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6. List of the Elements, with their Symbols and Atomic 



Aluminioin, ..-- Al. 

Antmony (Stibium),... Sb. 

Areenic, As. 

Barium, Ba. 

Binmutb Bi. 

Boron, " 



,. Br. 
.. Cd. 1 






Calcium Ca. 

Carbon, 0. 

Cerium, Ce, 

Chlorine, CI. 

ChtOmiuin, Cr. 

Cobalt, Co. 

Coppor (Cuprum), Gu. 

Didymium B. 

Erbium, E. 

Fluorine, P. 

Glacinum, Gl. 

Colli (Aurum), Au. 

Hydrogen H. 

Indium, In. 

Iodine I. 

Iridium, Ir. 

Iron(Ferrum), Fe. 

LuithiimuD La, 

Lead(Plumbom) Pb. 

Lithium, 
Mag. - 



■- Mg. 



Molybdenum, Mo, 

Nicfeel, Ni. 

Niobium, Nb. 

Nitrogen N. 

OBmium, Os. 1 



. Pd. 



PaUadinm, 
Phosphorus 

Platinum, ". Ft. 

Potassium (Kalium),... E. 

Rhodium, Rh. 

Rubidium, Rb. 

Enthenium, Ru. 

Selenium, Se. 

Silver (Argeutum), ... Ag. 



106-6 
31-0 
197-2 

104-2 
85-4 

104-4 
79-5 

107-9 



Sodium (Natrium) Na. 

Strontium, St. 

Sulphur, S. 

Tantslnm, Ta. 

Tellurium, Te. 

Tliallium, TL 

Thorium, Th. 

Tin (Staminm) Sn. 

Titamom, Ti. 

Tungsten (Wolfram}. ., W. 

Uraniom, U. 

Yanadinni, V. 

Yttrium, Y, 

Zinc, Zn, 

Zirconium, Zr, 



184-0 
237 ■(> 
51-3 
Bl-7 
65-a 



Mercury(HydrargyrnB)Hg. 200 

7. Komenclatnre of ElementB. — Tho names of Hha elements 
are naiially derived from some distinguishing feature or pecu- 
lia,rity. Thus, the name hydrogen (oompounded of toiup, 
icoifir, and ytuuiio, I produce) denotes that this gas is an 
essential constituent of water; thus, chlorine (from x^P'^'i 
yellovKsh green) refers to the characteristic colour of the gaa; 
thus, too, bromine (from ^pUfuit, a stench) denotes tha,t this 
Bubstfmce posaessea an irritating smell. Not a fe-w, however, 
of the names have been arbitrarily chosen ; thus, we have 
vanadium (from Vanadis, a Scandinavian deity) ; ui-anium, 
titanium. &c. Strontium, and yttrium, i-efer to tho localities 
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•where these elements were first discovered j laBthonum (from 
XuuBouui, to lie hid) alludes to the ciiiMiinstance that tliis 
metal had previously been overlooked iu the andysia of tlie 
mineral ia which it was ultimately detected ; didymium 
(from ii'/iDC, a twin) refere to the fact that tliis metal was found 
to accompany lanthanum, 

8. Nomenclature of Binary Chemical Compounds. — When 
two simple Bubstancos combine together, the name of the com- 
pound is generall/ formed from the names of its componeutB. 
Thus— 

Calcium bdiI oiygrax fonn Calcium oxiilo. 
Sodium Bud chlorine ,, Sodinm cMoriila. 
Hydrogen and sulphar ,, llydrogcn Buljiliide. 
Maguesima aud iodine „ Maguesiam iudide. 

Occasionally it happens that two elements have the power of 
uniting with one another ia different proportions. Thus, 
mercuiy forma two osides ; these are distinguished as mer- 
curous oxide and mei-curic oxide — tlie termination ous being 
given to the compound containing the least proportion of 
oxygen. Iron also forms two chlorides, which are designated 
as ferrous chloride and fen-ic chloride — the compound con- 
ttuning tho larger proportion of chlorine receiving the 
terminal -in. 

9. Occnrrence and Diatribntion of the Elementa. — 

Comparatively few of the elements exist naturally uucom- 
bined. In the air we find oxygen and nitivgeu ; but the sea 
contains no Bim.ple substances beyond the constituents of air, 
whilst in the earth we find copper, silver, iron, gold, platinum, 
bismuth, mercury, sulphur, and carbon. By far the greatest 
amount of the earth's solid mass is made up of the combin- 
ations of the elements. It is found that silicou and 
oxygen in combination form upwards of two-thirds of the 
earth's crust — the i-emaining third being made up mainly 
of iron, aluminium, magnesium, calcium, carbon, sulphur, 
sodium, and potassium. A few of the elementa, like oxygen, 
exist in great abundance ; the others are far more sparingly 
distributed, and exist in few localities and in relatively 
Hmall quantity. It is im.possible, however, to draw any 
certain conclusions respecting the relative abundance of 
the elem.ent3, as oui' knowledge, even of the composition 

10. — YOL, I. 
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^^^K of onr own planet, is confined to b, corajKLratively 

^^B portion of it. Let fig. 4 represent a section of the earth 

^^H drawn through its axis, then the relation 

^^H /^ ^"X of the fraction we have investigated to 

^^H / \ that yet nnexplored would, ia a cir- 

^^H / \cle of the diameter ^iven in the figure, 

^^M I be represented b; a line abont -^th part 

^^H y /of the thickness of that which forms its 

^^H \ / circumfei'enco. We thus see what little 

^^B N, j^ reason we have for believing that the num- 

^^H ber of the chemical elements in the uni- 

^^H Fig. i. verse is actwally limited to sixty-three. In- 

^^1 deed, the very manner in which mnny of them have been 

^^H discovered strengthens us in the belief that, as our means of 

^^r research are increased, we shall add to their number. Ho 

Boonor was electricity pressed into the servico of chemistry 

than potassium, sodium, magneainm, calcium, strontium, and 

barium were added to the list; and -immediately after the 

introdnotioa of the prism into chemical research, cs^um, 

rubidium, thallinra, and indium were discovered. 

10. Subdivisions of tlie Soience.— Chemistry occapieB 
wich an extensive sphere, its operations are so widely dis- 
tributed, that it has been found desirable, for the greater 
convenience of study, to subdivide the matters upon which 
it ti-oatfl. It was therefore agreed, as suggested by Lemery, 
nearly two hundred yeai-s ago, to dividethe subject into the two 
branches of Inorganic and Organic Chemistiy. Inorganic 
Chemiatrjr was formerly defined to bo the chemistry trf tta 
mineral kingdom, in contradistinction to organic chemistry, 
wliioh was held to be the chemistry of the animal and vege- 
table kingdom, since most of tho subjects included under tMs 
division were of animal or vegetable origin. This definiti(m 
of Organic Chemistry is no longer tenable, for byfar the greatw 
number of the compounds classed by tho chemist as organic are 
neither of vegetable nor of animal origin. Still, insensible as 
the real difference between tliem is, it is found convenient 
to retain the anbdivisions on the score of expediency. As the 
aubatanoes hitherto comprised under tho bi-anch of Oiganio 
Chemistry invaiiaViIy contain carbon, it has been decided to 
j3 wiik them the numbevlo.'vS carbon compounds wliich 
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e T>een snbBoquently discovered, and to study tJiem 
uectiou -with one another. OrgaRio Chemistry is to-daf] 
defined to be that portion of the science which treats of tli»' 
preparation, properties, aad coEstitiitioii of the carhon oonu 
pounds. 

The bodies treated under Inoigauic Cliemistry are divided 
into two principal classes — Metsls and Non-met&lB. Tliis 
division is alao perfectly aihitraiy; there esiats no absolute 
line of demarcation between the two branches, and we are 
unable to say precisely what conatitutea a metal, and what a 
non-metal. It thus happens that chemists are not agreed ia 
the arrangement of tho elements in these subdivisions. 
Thus, to some, the high specific gravity and bright metallic 
lustre of araenic are sufficient reasons for classifying it among 
the metals; to others its marked chemical analogies to phos- 
phorus and nitrogen (which all arc agreed to regard as non- 
metals}, its groat farittleneES, and low conductivity for lieat 
and electricity, are arguments for assigning it a place 
among the non-metals. Cut arsenic has a distinct cheniica] 
relationship to antimony, which ia universally included among 
the metals; whilst brittlenesa, and a low conducting power for 
heat and electricity are common to many elements invariably 
regarded as metals. In this work the following substances 
■wiD be studied under the division of the non-metals : — 
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AtBenic 



Fluorine, 
Hyiirogen. 
Iddiae. 
Nitrogen. 



rhospboniB. 
Seteuium. 
Silicou. 
SuInhoT, 



iulnha 
relturi 



The remaining elements will be considered under 
division of the metals. 

11. Aaalysia and Synthesis. — The chemist dotcrmineftl 
the ultimate composition of compoiuida, either by resoIvin^B 
them into their elements, or into certain well known c 
binations of th<Ke elements. Thus, he may determine the 
composition of magnesium carbonate (a compound of 
magnesium, carhon, and oxygen), by extracting these olementa 
from it; or he may split it up into carbon dioxide and mag- 
neaa, which subBtaneea he Icnows, by previous expevie ' ' 
respectively composed of carbon and oxygen, and ma^es 
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■nd oxygen. Such a process of deoompoaition, made vnih 
the object of ascertaining the components of a body, is 
termed an analyaifl. If the chemist merely inquii-ea what 
Bubatance3 are present in the compound, or the mixture, he 
is said to make a qnalitative analyaifi ; if he proceeds to 
determine the relative proportions of the constituents, he 
makes a. quantitative analysis. Occasionally the com- 
position of a body is detennined by a method diametrically 
opposed in principle to that of analysis — that is, by bringing 
the constituents together, and effecting their combination; 
such a process is teiined synttieais. Thus, we may determine 
the composition of water by resolving it into oxygen and 
hydrogen; or we may bring tha oiygen and hydxogon to- 
gether under such conditions that they combine to form, 
irater. In the one case we make an analysis; in the other a 
synthesis. As examples of these contrasted processes, we 
may perform the following experiments : — Bring a small 
portian of the red powder known as mercuric oxide into a 
dry test-tube, and heat it strongly over the lamp (fig. 5), it 
rapidly darkens in colour, and a lustrous niiiTor forms on 
tho colder portion of the tube. If we bring a glowing 
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Fig. 5. 
splinter of wood into the heated test tube, it bursts into 
flame, and continues to bura vividly. The invisible gas 
which thus supports combustion so energetically is oxygen, 
and the bright miwor on the glaa^ eonaiata of exeeedjngly 
fine globules of mercury or quicksilver. We have thus 
resolved tho mei-curic oxide into its constituents — we have 
proved it, by analysis, to consist of mercury and oxygen. 




CHEMICAL SyMEOLa ASD PORML'I-E. 

But we can satisfj oui'selves of the composition of 

oxide by synthesiB — that ia, by showing 

metal, mercioiy, and the inviBible gas, 

oxygen, can combiue together to form 

the red powder mercuric oxide. A 

email quantity of mercury is heated, 

nearly to boiling, in a long-necked 

flask, to which a glass tube ia attached, 

as in fig. 6. After eome hours heating, 

the surface of the metal becomes covereJ 

with a reddish film of mercuric oxide, 

which, on shaking, adheres to the side 

of the flask, and may thus be sepai'ated 

from the imaltered mercury.^ 

13. Chemical SfmbolB and For- 
]Biil», Atomio Weights, — It will he 
observed that in the foregoing list of 
elements a distinctive letter, or letters, 
ia attached to each member; these are 
termed chemical symbols. In general 
they consist of the initial letters of tho 
dements to which they refer. Not un- 
frequently, however, several elements 
are found possessing tbe same initial 
letter; in such eases we assign the 
single letter to the most abimdant or 
important, or earliest discovered mem- 
ber of the series, and to the others we 
add a second and distinguishing letter. 
Thus no fewer than seven names of 
elements commence with C. We re- 
serve tho singio letter for Carbon, nn- 
questionftbly tho most important of tlie 
number ; Calcium therefore becomes Ca ; 
Ceriiun, Ce ; Chlorine, 01, and so on. A few of tho elements 
have symbols which do not contain their initial letter; thus, 
Fe stands for iron, and Ph for lead. With a few exceptions, 

* Care mast be taken so to conduct tliis experiment that K 
meroarial vaponra wliieh cacapc condensation may be oarried ■ 
from the experimenter, 
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which will be pointed out hereafter, the bodies to -whicli 
these iiTegular symbols are attached were known to the 
ancienta, and the symbols are derived from the names by 
■which they were called. 

In the same manner we may represent compound bodies 
by means of symbols; thns, HgO stands for mei-curic oxide, 
which we have already learned consists of mercury (Hg) and 
oxygen (0). 

But these symbols possess a quantitative as well as a quali- 
tative signification, Hg does not represent an indeter- 
minate quantity of mercury, nor O an indefinite amount 
of oxygen. Hg invariably means 200 parts of mercury, and 
" "i parte of oxygen. HgO, standing for mercuric oxide, 
always signifies 216 parts of Siat body, and, moreover, implies 
that it is made up of 200 paita of mercury, combined wili. 16 
parta of oxygen. Thus, too, FeSj standing for ferrous sulphide 
always denotes 88 parts of that body, and tells us at the same 
time that it is made up of 56 parts of iron united to 32 parts 
of sulphur. The numbers expressing those relations among 
'ements are termed their combining or atomic weights, 
and they are all referred to that of hydrogen as unity, since 
this substance is found to possess the lowest atomic weight. 

The atomic weights of the elements express their weights 
when in the state of gas, and occupying, under similar con- 
ditions of temperature and pressure, the same volume as one 
part by weight of hydrogen. One gram of hydrogen occupies 
a space of 11 '19 litres at 0''and 760 m.m. pressure; the same 
space would be occupied at the same temperatm^ and pressure 
by 16 grama of oxygen, or 14 grama of nitrogen, or 35'fl 
grama of chlorine. But by far the greater number of the 
elementary bodies cannot be vaporized at temperatures 
which we can measure, and accordingly tlieir atomic weights 
are deduced from other considerations. It is found by ex- 
periment that a certain relation exists between the atomic 
wei^t of an element in the solid state, and the amount of 
heat required to raise it through a given interval of tempenv- 
ture. This may be thus expressed — "Specific heat x atoTnio 
weight — crnietwnt." With a very few exceptions, the atomic 
weight of an element in the solid oondition is the weight of 
that element which at any given temperature contiina the 
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Bame quantity of heat as Gevcn parts by weight of solid 
lithium at tho same tcnipei'ature. Wo shall have occasion 
hereafter to return to this subject of the atomic weights of 
the clemeuts. 

By the addition of numbers, placed after the elements to 
which they refer, we may cause this Bymbolic longuage to 
espresa the compodtion, even of the moEt complex chemioLl 
compounds. Thus COj, representing carbon dioxide, de- 
notes 44 parts of that body, and informs us that it is 
composed of 12 pai-ta of carbon combined with IG x 2 
or 32 parts of oxygen. So also HaO, denoting water, 
means 18 parts of this substance, and implies that it Is 
made up of oxygen and hydrogen in the proportion of 
Ifi parts of the former to 2 parts of the latter. 2 (CO,) 
would of course mean 2 (12 + 32), or 88 parts of carbon 
dioxide ; and OoH,(NO,)jO(, i-epreaenting the composition of 
gun-cotton, denotes that this body is comjiosod of 73 parts of 
carbon, 7 of hydrogen, 42 of nitrogen, and 176 of oxygen. 
Such an allocation of symbols is termed a chemical formula. 

13, Chemical Equations. — By means of chemical formnlce 
the chemist can express concisely the action of substances 
upon one another, and also represent both the natm'c and 
the quantity of the products into which a given body is 
decomposed. Such symbolic expressions of chemical reactions 
are termed ohemic&l equations. The sign + placed between 
two symbols or formulte denote that the bodies are mixed 
together, or are produced in conjunction. The sign = is 
used in the sense of "produces" or " yields," and only retains 
the meaning of equality in bo far as it indicates that the 
aggregate weight of the products of a chemical reaction is 
identical with the original weight of the reacting materials. 
If we assume that the decomposition of gun-cotton on ignition 
may be represented by the erpiation — * 

2CbHj(NO().05, = GCO, + 5C0 + CH^+CN + SH.O 






we imply that 594 gmms of gun-cotton will give — 
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Carbon dioiide (CO,) 264gi 

Carbon monoside (CO), 140 

Marsli gas (OH,) Ifl 

Nitrogen (N), 8i 

Water (H,0) 90 
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^Hp When we add Eulphurio acid (HjSO^) to coniroon salt, or 
sodium chloride (NaCI), ■we obtain aodium-liydrogeii-Bulpliate 
(NaHSO,), and hydroclilorio acid gas (HCl). This decom- 
position would be expressed by the equation — 

Nad + H,SOj = NaHSOj + HCl 

»58'5 98 120 36-5 

wliicli means that 98 grams of sulphuric acid, when mixRd 
with 585 grama of sodium chloride, yield 120 gramti of 
Bodinm-hydrogen-Bulphate, and 35-5 grams of hydrochloric 
acid gaa. The sign = is here used in a sense different froni 
that of the matheiaatioians, in that it does not imply that the 
two sides of the eqiiation can be transposed; thus, in this 
case we cannot say that NaHSO^ + HCl = NaCl + HjSO,. 
By the aid of the first equation, we can readily cstloulate 
how nrnoh tialt and sulphuric acid would be needed to prodi 
a given weight of hydrochloric acid gaa, and how much 

IBodium-hydrogen-sulphate would remain. 
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14. Weights and Measures, — Before we proceed 
I these and similar calculations, it will he desirable to explain 
ft^e principles of the system of weights and measures which 
f we intend to use. By reason of its simplicity and con- 
Tenience, the Fi-ench metrical system has commanded almost 
imiTersal acceptance among scientific men. Its advantages 
are causing it to he rapidly adopted, even by the governments 
of countries ^ready possessed of a carefully dehned national 
system. This system was authorized in IVance, in 1793, by 
law of the First Republic. A. i-od of platinum was constructed, 
and the distance between its ends, measured when the rod was 
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at the temperature of melting ice, was adopted na the stani 
of length, and styled a metre. This rod of platinum was 
intended by the Freach geometricians who planned the 
Byatem to represent the one ten-millioDth part of the distance 
fi-om the equator to the pole, measured along the earth's sur- 
face. But, by a careful revision of the geodetical observations 
required to determine this distance, it has been shown that 
the metre as originally defined exceeds the metre as actually 
constructed by about '0000086 m.; or that the distance from 
the equator to the poles, instead of being 10,000,000 times, is 
actually 10,000,086 times the length of the platinum bar. 

The metro is, therefore, as much an arbitrary standard of 
length as our own yard, which, as enacted by Parliament, is tlie 
distance, measured at 62° F., between the centres of the 
transverse lines in two gold plugs in a bronzo bar deposited 
in. the Exchequer Of&oe. The value of the French metriail 
Bystem depends upon the fact that the multiples and sub- 
multiples of its units are connected together by a decimal 
system of mnliplication and division. Thus, the deeimotro 
(d.m.) is the tenth part of a metre; the centimotre (cm.) is 
the hundredth part; and the mUltTaetrB (m.m.) the thousandtli 
part. The prefixes of the subdiviaiona are of Latin origin. 
To express the higher multiples, Greek prefixes are employed. 
TJhua, ten metres make a rfeca-metre ; a hundred metises, a 
A«c(o-metre; and a thousand metres, a kilo-metro. The kilo- 
metre is used on the continent as a measure of distance by road. 
It is about five-eighths of oiu- mile. The metre is a little over 
1 yard, or, more exaetly, 39-37 inches; hence 10 cm. ai'e 
rather less than 4 inches, or 25 m.m. make nearly 1 inch,* 

The unit of capacity of this system is the cube of one deci- 
metre, and is termed a litre. This is equal to 1,000 cubic 
centimetres (c. c), and is rather more than IJ imperial 
pints; more exactly, 1'7C pints, or 61-03 oubicindies.t 
• To reduce milliraetreB to uicboa^ 

Log. m.m. -h 2*5Q5Hi = log. iuchcs. 
To convert inolieB to millimetrea — 

Log, in. + 1-40483 = log. m.m. 
"I- To reduce cnbio centimetrBa to cubic inoliea — 

Log. cub. c. + 278550 = log. cub. in 
imvert cubic JDchea into cubic centimetreB — 

Logottb. in. + 1-21450 = logoub. c, 
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Tlio system of weig^hts is connected with tliat of capaoity 

ftnd of length by asaiiming as the unit the weight of 1 cubic 

centimetre of pure water, at a, temperature of 4° 0. This 

weight is styled a gram (grm.), and it is equal to 15'433 

jmins. Its most commonly used multiple is the kilogram 

(Idlo.), which contnina 1,000 grams; it is the commercial 

unit, and is about 2^ Bntish pounds. It may be convenient 

to rcmemheTj that 1,000 kiloa. or 1 cubic metre of water, is 

1 very nearly equivalent to an. English ton. The reason for 

the adoption of the temperature of 4° C, in the determination 

of the weight, will be explained Leretiftar. This system of 

I weights is perfectly arbitrary, inasmuch as it depends upon 

I certain experimental data, about which thei-e is no absolute 

agreement between observers. The standard of mass is a, 

. certain piece of platinum, preserved in Paris, and called a 

[ tilogram, of whidi copies are made by direct comparison. If 

' all ■^ese copies were lost, it is doubtful if a kilogram could 

' bo reproduced of exactly the original weight.* 

I 16. The BeJeucs. — This instmmont is of inestimable 

h Taliie to the chemist — he constantly appeals to its Indi- 

a. Mechanicians have accordingly devoted much 

I labour to render it as perfect as possible, and there 

i few instiTiments of precision which rival the modem 

I chemic^ balance in the accuracy of their work. Fig. 7 

I represents one of the forms of this instrument. It con- 

. of a perforated brass beam, suspended at the centre 

I triangular piece of hardened steel or agate, termed a 

knife-edge, which oscillates on a polished plate of a^te, 

fixed on a brass support. At each end of this beam ia fixed 

a Bin'iU'' knife-edge of agate or steel, on which rest two agate 

Slates, imbedded in brass settings. From each of these a hook 
E^nds, to which the pans are attached by light wires or thin 
[■ Btnips. Kga. 8 and 9 give enlarged representations of these 
I terminal kmfe edges and pianos. When the instrument is not 
\ in use, the beam rests upon a &ame connected with a rod, 
I vhich descends thi-ough the pillar of the balance, and which 
redueo grams to grwna — 

Log. grama -i- l']SS43 = log. grains. 



Log. graina + 2'8115T = log. grami. 
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can be raised or lowered by an eccentric. TLe sauio mov* 
ment alao lifts up tlie plates connected with the iians, bo 




that the knife edges and agnte planes are only in oontuct 
vhen the balance ia oacillating. A second eccentriu, coa- 




Figs. 8«id9. 
nected with two bent lovers, raiaoa or doprosacs a support 
under each of the paiis, so that they may bo kept stationary 
whilgt their load is being placed on them, or their vibi-ations 
arrested before the beam ia lowered down on the conti-e plate. 
In Home balanceB all tliese movements are bo connected, that 
a aingle turn of tho eccentric first mpidly i-cleaees the sup- 
ports of the ptuiB, then gently lowera the beam uijon the 
centie kuifc-cdgc, and finally drops the pan BUBpenaona 
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upon the terminal knife-edgoa. By these arrangementa, tlio 
durability of the instmmeiit 18 greatly increased. 

To the beam is attached a long index, or pointer, moying 
before a graduated scale fixed to the piilar of the balance. 
This renders visible the slightest oscillationfl of the beam. 
So long as the instniiaent is in equipoise, the pointer hanga 
perfectly vertical, and opposite to the middle (zero) point of 
the scale, or oscillates over an equal nnmber of divisions on 
each side. The least preponderance on one aide is indicated 
by a, permanent deflection of the pointer from the zero, or by 
its vibrating through an unequal number of divisions on 
either side of the zero point. If from any canse the instru- 
ment itself ia not in equilibrium, it may be adjusted by 
means of a little movable vane, fixed on the top of the 
beam, by moving which, either to the right or left, the pre- 
ponderance may be counterpoised. In some balances, in 
which the pans are suspended by a simpler method, this 
adjustment ia effected by means of a little milled-head screw 
travelling along a thread. (Fig, 9.) 

The accuracy of the balance depends — (1.) upon the equality 
of its arma ; (2.) upon the position of the point of support 
in relation to the centre of gravity of the instrument ; from 
■which also follow (3.) that the points of suspension and sup- 
port must be in the aame plane j and (4.) that the beam 
must be perfectly rigid. 

The emsiiilitj/ of the instrument depends — (1.) upon the 
freedom froili friction between the knife-edges and planes ; 
(3.) upon the near approximation of the centre of gravity of 
the instrument to its point of support; and (3.) upon the 
lightness of its beam. 

The relation of the centre of gravity to the point of support 
is of course adjusted as accurately as possible by tlie maker ; 
but, by means of a little weight (tei-med a gravity-bob), 
workingonathread, it may be altered at will, and the stability 
of the balance thus regulated. It will be obvious that an 
insti'uinent capable of such refinement is liable to be aSected 
and its delicacy impaired by many extraneous causes. As 
one means of preservation, and of preventing its indications 
being affected by currents of air, the balance is always kept 
in a ghtss case. A good balance will indicate one part in a 
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lion ; when loaded with one hundred grama in each pan 
it will turn by the addition of t";, of a miUigram. 

In weighing, the same pan should invariably be pjiiployed 
for the same jiurpoae — that ia, the body to be weighed nmst 
always be placed on one and the same pan, which may I>o 
termed the object-pan, in contradistinction to that on which 
the weights are placed, wliioh may be termed the weight-pan. 
The ratios of the weights in the coni-se of an analyBia aro 
OniH preserved, even when the anna of the inatmment are not 
perfectly equal ; and as the chemist mainly concerns himself 
with the ratios of weights, and not, as we commonly say, with 
absolute weights, the defects of the instrument as constructed 
are compensated. The true weight of an object may, how- 
ever, be obtained eithei- by the method of TererBal, or by 
that of Bnbatitution. In the method of i-eversal the object 
is weighed first in one pan and then in the other. If the 
weights are identical, the true weight of the object is at once 
given If the weights, from inequality in the arms, ai'e un- 
equal, their geometric mean will he the true weight; this is 
found by multiplying the apparent weights together, and ex- 
tracting the square root. If their difference, however, ia in- 
considerable, their common arithmetic mean will he very 
nearly the true weight. In the method of substitution we plaee 
the object to be weighed, X, oa one pan, and equipoise it by 
a counterpoise IT; we then remove X, and substitute weights, 
W, nntil equilibrium is restored. Obviously X = TV, 
although both may differ from W by an unknown amount. 
The substance to be weighed, say a ci-ucible, is placed upon 
one pan, and the equilibnum adjusted by adding small shot, 
tinfoil, or pieces of wire to the other pan. The crucible is 
removed, and weights are placed in its stead, until the balance 
is again in equilibrium. The true weight of the crucible ia 
expressed by the aggregate values of the weights substituted. 
The determination of equality is made by means of the pointer; 
if it oscillate through an equal number of scale divisions to 
the left and right of the zero, the weights are in equilibrium. 
If we take the mean position from a series of such oscillations, 
and know the weights coi-responding to the various deviations 
from the zero point of the pointer, we can determine the true 
weight of a body with a close approximation to accmacy. 
Ou account of the conditions which they ret^nire in the balauoe 
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Carbon dioride (CO,) 

Car^n raonoxido (CO), 

Morsb gaa (CHJ, IG 

Nitrogen (N) 84 

Water (HjO), "" 



When wo add eulphnria acid (H^SO,) to common salt, or 
sodium chloride (NftCl), vre obtain sodinm-hydrogRn-siilphate 
(NaHSO^), and hydrochloric acid gas (HCl). This decom- 
position would bo expressed by the equation — 

NaCl + H,SO, = NbHSO. + HCl 
58-5 98 120 36'5 

which means that 98 grams of anlphiiric acid, when mised 
with 58-5 grams of sodium clilonde, yield 120 grama of 
Bodiiun-hydrogen-sulphate, and 3G'5 grams of hydrochlorio 
acid gas. The aign = is here used in a sense different from 
that of the mathematicians, in that it does not imply that the 
two sides of the equation can be transposed; thus, in this 
ease we cannot say that NaHSO^ + HCl = NaCl + HgSO,. 
By the aid of the first equation, we can readily calculate 
how much salt and sulphuric acid would be needed to produce 
a given weight of hydrochloric acid gas, and how mudi 
eodium-Lydrogen-anlphato would r 



CHAPTER 11. 

14. Weights and Measures. — Before we proceed to make 
these and similar calculations, it will be desirable to explain 
the principles of the system of weights and measures which 
we intend to use. By reason of its simplicity and con- 
venience, the French metrical system has commanded almost 
UDiTersal acceptance among scientific men. Its advantages 
are causing it to be rapidly adopted, even by the govemmonta 
of countries already possessed of a carefully defined national 
system. This system was authorized in France, in 1795, by 
law of the First Republic. A rod of platinum was constructed, 
and the distance between its ends, measured when the rod was 
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at the temperatiii'e of melting ice, was adopted as the standi 
of length, and styled a metre. This rod of platinum v 
intended hy the French geometriciana who planned the 
Bystem to represent the one ten-millionth part of the distance 
from the equator to the pole, measured along the earth'a bui'- 
face. But, by a careful revision of the geodetical ohservations 
required to determine this distance, it has been shown that 
the metre as originally defined exceeds the metre as actually 
constructed by about ■0000066 m.; or that the distance from 
the equator to the poles, instead of being 10,000,000 times, is 
actually 10,000,086 times the length of the platinum bar. 

The meti-e is, therefore, as much an arbitrary standard of 
length as our own yard, which, as enacted by Parliament, ia the 
distance, measured at 62° F., between the centres of tho 
transverse lines in two gold plugs in a bronze bar deposited 
in the Exchequer OfBce. The value of the French metrical 
system depends upoa the fact that the multiples and sub- 
multiples of its units are connected together by a decimal 
systom of muliplicatioo and division. Thus, the rfeci'mctro 
(d.TO.) is the tenth part of a metre; the ceiitsmetre (cm.) ia 
the hundredth part; and the nii^imetre (m.m.) the thousandth 
part. The prefisea of the Hubdivisions are of Latin origin. 
To express the higher multiples, Greek prefixes are employed. 
Thus, ten metres make a deca-iaetre ; a hundred metres, a 
/lecto-metre ; and a thousand metres, a AtTo-metre. The kilo- 
metre is used on the continent as a measure of distance by i-oad. 
It is about five-eighths of our mile. The meti-e is a littio over 
1 yard, or, more exactly, 39-37 inches; hence 10 cm. are 
rattier less than i inches, or 25 ra.ra, make nearly 1 inch.* 

The unit of capacity of this syatem is the cube of ono deci- 
metre, and ia termed a litie. This is equal to 1,000 cuhio 
centimetres (c. c), and is rather moro than If imperial 
pints ; more exactly, 1'7C pints, or 61 -OS cubic inches, f 
•To reduce miUimetres to jnuhos^ 

Lag. m.m. + 2'595IG = log. iucheB. 
To convert inches to millimetrea — 

Log. in. + 1-40483 = log. m.m. 
t To radnce onbin centimetroa to cubic inchoa— 

Log, cub. 0. + 2'7B550 = log. cub. iooliea. 
xavert cubic iuchoa into cnbio ceatimetrea — 

Lag cub. io. + 1 -21450 = log nub. c. 
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^^H The Bystem of WBig'htB ia connectod with that of capaoit; 

^^H and of length hj assuming as the unit the weight of 1 cnbio 

^^H centimetre of pui-e water, at a temperature of i" C. This 

^^ weight is styled a gram {gvm.), and it is equal to 15433 

grains. Its most commonly used multiple ia the kilogram 

(kilo.), vrhich contains 1,000 grama; it ia the commercial 

uuit, and is about 2^ British pounds. It may he convenient 

to remember, that 1,000 kilos, or 1 cubic metre of water, is 

very neai-ly equivalent to an English ton. Tha reason for 

the adoption of the tempemture of i° C, in the determination 

of the weight, will be explained hereafter. This system of 

I weights is perfectly arbiti-ary, inasmuch aa it depends upon 
certain experimental data, about which there is no absolute 
agi-eemeat between observers. The standard of mass ia a 
certain piece of platinum, preserved in Paris, and called a 
kilogram, of which copies are made by direct comparison. If 
all ■^ese copies were lost, it is doubtful if a kUogi-am could 
be reproduced of exactly the original weight.* 
16, The Balance. — This instrument is of inestimable 
v^ue to the chemist — ho constantly appeals to its indi- 
cations. Mechanicians have accoi'dingly devoted much 
labour to render it as perfect aa possible, and there 
are few instruments of precision which rival the modem 
chemical balance in tlio accnracy of their work. Kg. 7 
represents one of the forma of this instrument. It con- 
sists of a perforated brass beam, suspended at the centre 
on a triangular piece of hardened steel or agate, termed a 
hi^e-edge, which oscillates on a polished plate of agato, 
fixed on a brass support. At each end of this beam is fixed 
a similar knife-edge of agate or steel, on vrhich i-est two agate 
plates, imbedded in brass settings. From each of these a book 
depends, to which the pans are attached by light wires or thin 
strapa. Figa. 8 and give enlarged repi-esentationa of these 
terminal knife edges and planes. "When the instrament is not 
w in use, the beam reata upon a fi^me connected with a rod, 
I which descends through tho pillar of the balance, and which 
• Toreduoo grama to graina — 

Log. grams + I'lSSlS = log. grains. 
lo convert gndns into grama — 

Log. graias + 2'8U57 = log. grams. 




support 
*tmder each of the pona, so that they may be kept Btatioiittry 
whilst theii' load is being ptuced on them, or their vibrations 
arrested before tho beam is lowered down on the centre plate. 
In some balanoes all tliese movements are so connected, that 
a single turn of the eccentrio first rapidly I'eleasea the sup- 
ports of the paiiB, then gently lowei-a the beam upon the 
centre knife-edge, and liually drops the pan suspensions 
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upon tlio termimil knife^dges. By theao arrangements, tha 
duraliility of the instrument is greatly increased. 

To the beam is attached a long index, or pointer, moving 
before a gi'aduated scale fixed to the pillar of the balance. 
This renders visible the slightest oscillationa of the beam. 
So long as the instrument ia in equipoise, the pointer hangs 
perfectly vertical, and opposite to the middle (zero) point of 
the scale, or oscillates over an equal number of divisions on 
each side. The least preponderance on one side is indicated 
by a permanent deflection of the pointer from the zero, or by 
ite vibrating through an unequal number of divisions on 
either aide of the zero point. If from any cause the instni- 
meitt itself ia not in equilibrium, it may be adjusted by 
means of a little movable vane, fisetl on the top of the 
beam, by moving which, either to the riglit or left, the pre- 
ponderance may be counterpoised. In some balances, ia 
■which the pans are suspended by a simpler method, this 
adjustment ia effected by means of a little milled-head screw 
travelling along a thread. {Fig. 9.) 

The accuracy of the balance depends— (1.) upon the equality 
of its arras ; (2.) upon the position of the point of support 
in relation to the centre of gravity of the iuatrument ; from 
which also follow (3.) tJiat the points of suspension and sup- 
port must be in the same plane ; and (i.) that the beam 
must be perfectly rigid. 

The eendbilify of the instrument depends — (1.) upon the 
freedom froOi friction between the knfie-edges and planes ; 
(2.) upon the near approximation of the centre of gravity of 
the instrument to its point of support; and (3.) upon the 
lightness of its beam. 

The relation of the centre of gravity to the point of support 
is of coui-se adjusted as accurately as possible by the maker ; 
but, by means of a little weight (tei-med a gravity-bob), 
workingonathread, it may be altered atwill, and the stability 
of the balance thus regidated. It will be obvious that an 
instrument capable of such refinement is liable to be affected 
and its delicacy impaired by many extraneous causes. As 
one moans of preservation, and of preventing its indications 
being affected by currents of air, the balance is always kept 

a glass case. A good balance will indicate one part i 
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^^^ttillion ; when loaded with one liundred grams in each p^^^^ 
it will turn by the addition of -^d of a milUgram. 

In ■weighing, the same pJui should invariably be employed 
for the same purpose — thiit ia, the body to be weighed must 
always he placed oa one and the same pan, which may be 
termed the object-pan, in contradistinction to that on which 
the weights are placed, which may bo termed the weight-pan. 
The ratios of the weighte in the course of an analysia are 
thus preserved, even when the arms of the insti'ument are not 
perfectly equal ; and as the chemist mainly concerns himself 
with the ratios of weights, and not, as we commonly say, with 
absolute weights, the defects of the instrument as constructed 
are compensated. The true weight of an object may, how- 
ever, be obtained either by the method of reveieal, or by 
that of Bttbstitntion. In the method of revursal the object 
is weighed first in one pan and then in the other. If the 
weighta are identical, the true weight of the object is at once 
given. If the weights, fi-om inequality in the aims, are un- 
equal, their geometric mean will be the true weight; this is 
found by multiplying the apparent weights together, and ex- 
tracting the square root. If their difiisrence, however, is in- 
considei'ablQ, their common arithmetic mean will bo very 
nearly the true weight. In the method of substitution we jilace 
the object to be weighed, X, on one pan, and equijjoise it by 
a counterpoise IK; we tlien remove X, and substitute weights, 
W, until equilibrium ia restored. Obviously X = W, 
although both may difier fi-om W by an unknown amount. 
The substance to be weighed, say a ci-ucihie, is placed upon 
one pan, and the equilibrium adjusted by adding small shot, 
tinfoil, or pieces of wire to the other pan, Tlje ci'ucihle is 
i-emoved, and weights are placed in its stead, until the balance 
is again in equilibrium. The true weight of the crucible is 
expressed hy the aggregate values of the weights substituted. 
The detenmnation of equality is made by means of the pointer ; 
if it oscillates through an equal number of scale divisions to 
the left and tight of the zero, the weights are in equihbrium. 
If we take the mean position from a series of such oscillations, 
and know the weights corresponding to the various deviations 
from the zero point of the pointer, we can determine the true 
weight of a body with a close approximation to accuracy. 
Ouaccountof the cooditians which they [«(^uica in. tMWKD£& 



and balance room, and the length of time which tliey neea^ 
Buct refined methods of weighing are only resorted to in de- 
terminatioaa of the combining weights of the elements, and 
of certain physico-chemical conatantB. 

Obyiously all methods of weighing by means of weights de- 
mand that the multiples and sub-multiples of the unit weight 
really bear the ratioa which they represent. Thus the 10-gram 
piece in a set of weights must be really 10 times the weight of 
the l-gram piece, and the centigram weight the one ten-thou- 
sandth part of the 100-gram weight. It is not of so much 
importance, although it is certainly conveaient, that the gram 
should be exuctly the thouaandth jmrt of the. standard kilogram 
preserved at Paris, so long as the other denominations of the 
set truly bear the ratios impressed upon them. Various sub- 
Bfcanoes have been proposed, on the score of their durability, foi 
the material of weights; andplatinum, byreasonof itspowerof 
resisting con-osion, seems especially applicable ; but iu general 
the weights consist of small cylindei-s of gilded bi-ass, fur- 

■ niahed with little handles, to enable them to be convenientiy 
transferred, by means of small forceps, backwards and for- 
wards from the box to the balance pan. The weights are 
hollow beneath the handle, to receive small pieces of wire or 
foil, by the addition of which they are adjusted. The smaller 
weights are made of platinum, and sometimes of palladium or 
aluminium foil. Fmctionai parts of the centigram are gene- 
rally deteimined by means of a little piece of bent wire, 
weighing 1 centigram, termed a rider (fig, 8), which, by the 
aid of the braas sliding-rod and movable arm, can be con- 
veniently placed upon one arm of the balance beam. This is 
divided from the centre to the paa-suspenaion into 10 equal 
parts, each equivalent to 1 milligram, and each of these parts 
is furthei- subdivided into S equal parts, equivalent to '02 
milligram. "When placed on the pan, or immediately over ita 
point of support, the rider weighs 1 centigram ; when placed 
ho!f-waybetweenthocentreaupportandthopan-suspeuaion,itia 
equivalent to 0'5 centigram, or 5 mg, ; when placed a fourth 
of the way, it indicates 0'25 centigram, or 2-S rag.j and so on. 
I But the determination of the true weight of a body is not 
■merely dependent on the use of an accurate balance and 
'ghts. It ia affected by the presence of the air in which 
weighings are made : the magnitudo of the error from tbjfl 
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cause is proportionate to thedifference between the volumeof the 
weights and of the body weighed. If the volume of the body 
is greater than that of the weights, its weight, as indicated 
by the balance, is too small; and, conversely, when the 
volume is less than that of the weights, the indicated weight 
is too great. In the generality of cases the error thus intro- 
duced is too small to be taken cognizance of in ordinary 
determinations of weight, but in normal determinations it is 
nevet neglected. It is worthy of remark that the use of 
weights of a medium specific gravity, such as brass, tends to 
obviate the frequent necessity of correcting the indications of 
the balance for this source of error : if platinum (sp. gr. 21) 
on the one hand, or quartz (sp. gr. 2*5) on the other, were 
employed as the material of weights, the correction would be 
more frequently required. A method of obviating the neces- 
sity of correction for air displaced will be described in a sub- 
sequent section. The operation of weighing is attended with 
many other sources of error which cannot here be described ; 
but the student will have gleaned that the determination of the 
accurate weight of a body is a problem of no slight difficulty. 
16. The Thermometer. — Heat is one of the chief agents 
which set up chemical action. It is necessary, therefore, that 
the chemist should possess the means to estimate its amoimt 
and intensity. Instruments designed to measure the quan- 
tity of heat are termed calorimeters ; those intended to esti- 
mate its intensity are called thermometers. At present we 
shall occupy ourselves only with the study of the construction 
and use of the latter class of instruments. The intensity of 
heat is usually measured by its effect in altering the volume 
of certain substances. Of what are usually termed the three 
physical states of matter, the one most generally applicable 
to thermometric purposes is the liquid, as gases expand too 
much and solids too little to be generally employed. Of all 
liquids yet proposed the most suitable is mercury, which ad- 
mits of the measurement of a great range of temperature, as 
its boiling and freezing points are widely separated : it expands 
in a imiform manner — i, e., equal increments of heat affect it 
at a low temperature nearly as much as at a high temperature ; 
it does not adhere to glass, has a low capacity for heat, and 
is easily obtained in a state of purity. To make a mercurial 
thermometer, a perfectly clean capillary glass tube q£ c^x^Nsi'dx 
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or elliptical bore is chosen, and the uniformity of this bow 
is tested by propelling a short column of mercury along the 
tube, and determining if its length ia invttdable in different 
positions. It is generally found tiiat the column of mercury 
becomes either gradually shorter or longer, indicating that it 
increasea or diminiBhes regularly in diameter from end to 
end. In very accurate instruments these differences are 
taken into account : the degrees are either modified in accord- 
ance with the increment or decrement in diameter, or they 
ai-e made of uniform size, and the indications of the tliermo- 
meter corrected by the use of a factor representing the varia- 
tioa. One end is now sealed and softened in the blowpipe flame 
and blown out into a bulb, by means of a small elastic ball 
fixed on the open end, and compressible by the liand. The 
g— jl shape of the bulb depends upon the purpose for 
wSm which the thermometer ia intended- In chemical 
Bl'l thennometera the bulb is usually cylindrical or 
WU tubular, and is generally of smaller outward diameter 
WSM than the stem, so that the instrument may be readily 
^ ' and without risk puslied throiigh the hole in a cork. 
A bulb of this shape exposes a large sui-face for 
the transmission of heat, and thus adds to the sensi- 
tiveness of the instmraent. The walls of the bulb 
must not be too thick, on account of the badly con- 
ducting nature of glass ; nor must they be too thin, 
or they will yield to atmospheric pressure, and ren- 
der the capacity of the bulb variable. 

To fill the instrument, a wider tube of glass ia at- 
tached to the stem by a cork (fig. 10), and a quantity 
of pure dry mercury, more than sufficient to fill the 
bulb and stem, ia poured into it. The bulb is gently 
heated, and a portion of the air is thus expelled, whit^ 
1g. 10. bubbles up through the mercury. As the volume of 
he remaining air contracts on cooling, the mercury is driven 
into the instrument, and falls in minute drops into the bulb. 
The bulb ia again heated, and again allowed to cool, when 
a fresh portion of mercury enters, and this process is re- 
peated until the bulb is nearly full. By heating the metal 
in the bulb to boiling, its vapour expels the last ti-aces of air 
and moisture, and, on cooling, the reservoir and tube become 
completely filled. The wider tube is now removed, and the 
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entire instrument heated sHghtly above the highest point 
that it is intended to measure. The excess of mercury is 
thus expelled. After a momentary cooling of the tube, 
its end is dexterously sealed by means of the blow-pipe 
flame. As the mercury cools and contracts, the space above 
it is left .vacuous, with the exception of a minute quantity of 
mercurial vapour which pervades it. The space above the 
column of mercury is therefore free from anydiing which can 
modify its expansion. 

The perfection of the vacuum is easily ascei-tained by 
inverting the instrument and, if necessary, gently tapping it, 
when the mercury ought to fill the capillary poi-tion completely. 

17. Method of Graduating the Thennometer. — In its pre- 
sent form the instrument could only be used as a theiino- 
scope — ^that is, it could tell us whether one liquid was hotter 
than another, or whether one day differed in temperature 
from the next. It would even inform us that water boiled at 
a lower temperature on the top of a moimtain than at the 
bottom, and that ice melted at the same temperature both at 
the top and bottom; but its indications would not be com- 
parable with those of any other instrument, since they would 
possess no common fixed points of comparison. The earliest 
instruments suffered under this disadvantage, and their indi- 
cations were therefore comparatively valueless. Newton 
proposed that the temperatures of melting ice and of steam 
from boiling water (which had previously been shown to bo 
fiducial points) should be used in the graduation of thermo- 
meters, and these fixed points are now universally employed. 
The instrument is first placed in melting snow or ice (fig. 11), 
and, when the mercurial column is stationary, its position is 
marked by a scratch upon the stem, and styled the freezing 
point. The tube is now transferred to the metallic vessel 
represented in fig. 12, in which it can be entirely immersed 
in steam. When the position of the column is once more 
constant, its height is again marked on the stem, and, for a 
reason to be hereafter mentioned, the height of the barometer 
is simultaneously read off. The space between the two 
marks is then divided into a certain number of divisions, 
termed degrees, which are in the best instruments etched 
upon the stem, the gi'aduation being extended abo\^ «xA 
below the fixed points. The number of theae (!iv\B\oi\a \vxv- 
10. — vol* T. c 
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fortunately Vftiies in different instruments: the simplest plan 
is to divide the stiace in 100 parts or ilegroes, calling the 
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freezing point zero (0"), and the boiling point 100°. This 
mode of subdivision waa proposed by Celsius, and is termed 
the centigrade scale : it is generally employed by scientific 
men, and will be invariably used in this 'work. In the scale 
of Fahrenheit the interval is divided into 180 degrees, but 
the zero point is placed at a distance of 32 of these degi'ees 
below the freezing point; hence the boiling point on this scale 
is 180 + 32, or 212°. The scale of Reaumur ia divided into 
80 parts, the zero being at the freezing point ; accordingly, 
water boUs at 80° Eeaumur. The conversion of degrees 
from one scale to the others is easily made by means of the 
following formuliB (C, centigr.; F., Fahr.; K., Keau.): — 

F.-toC*. S (r~ 32)= (T. 

C.°toF.°, I C° + 32 =r. 

E.-toF.", J R' + S2 =F'. 

F.'toR.', J(F°-32) = K' 

C'toE.", J C = U', 

E.°toC.°, 5 Fv" = C. 

The determination of the true temperature of.ft.i 
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[cult B, problem as tlie determination of its 
the indications of the thermometer need 
a number of correctiona whenever the 
greatest possible accuracy is desii'ed. The 
method of determining the true boiling 
point of a. liquid may Eerve as an example 
of the care and number of precautions 
required in the accmnto estimation of 
temperature. The liquid, the boiling 
point of which is to be determined, 
placed in a small distilling flask (fig. 13), 
which is connected by means of the lateral 



tube with a condensing arrangement, to 7^1 
prevent loss of the substance ; the ther- Wy 
mometer is supported in the neck of the j 
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^ supported ii 
f):u<k by a cork, in such a manner that 
the bulb, and as much of the stem i 
possible, shall be immersed in the Tftpoiu- 
of the substance. In order to i' 
regular ebidlition, a few pieces of platiniim fuil or wiro 
ai-e introduced into the flaijk, The liquid is then heated 
hy a small flame, and when in full ebullition, the height of 
the thermometric column is noted. Call this T. In the 
generality of cases, a portion of the column rises above tho 
cork, and is, thenrfore, surrounded by air of a lower tempera- 
ture than that of the heated vapour. The boiling point, as 
thus indicated, ia, therefore, lower than the true boiling point 
of the liquid in proportion to the length of the column thus 
cooled. In order to correct the reading of the thermometer, 
it is necessary to know the mean temperature of the column 
above the cork; this nuiy be determined with sufficient accur- 
acy hy attaching a second thermometer to the stem of the 
other, in such a manner that its bulb is mid-way between the 
cork and the top of the heated column. Call tida mean tem- 
perature t. If we further note the number (N) of degrees oa 
the scale of the mercurial column, not directly heated by the 
A'apour, and know the apparent expansion of the mercury in 
the glass, 3, we can determine the correction to be added to 
the indication T of the tbcrmometcr. It is found by t 
formula — 

H (T - JIJ 4 



I 
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I TMiea with the natiire of the glass of the instmment, but ( 
may be taJcen v-ith sufficient accuracy at "OOOI 55. In esperi- 
menting with liquids possesaing high boiling points, s, con- 
Biderable poi-tion of the mercurial column may be unexposed 
' to the vapour ; in such eases, the oorvection to be added may 
amount to sevei-al degrees. 

Before, however, the expeiimenter makes such a normal 
determination, he assures himself that the i-eal zero point of 
hia instrument is known to him. In piuctice it is found 
that the zero point as mai'kcd on a thermometer rarely coin- 
oidea with the temperature of melting ice, and, generally 
speaking, the older the instmment, the greater is the variar 
tion. This is due to no fault of the maker, but to a gradual 
molecular change in the material of the envelope, which goe« 
oil long after the instrument is made, whereby the capacity 
of the I'eservoir is diminished.* After the thermometer hot 
been heated, its zero invariably falls ; on the other hand, 
after having been cooled to a very low temperature, it risen 
slightly. These variations, when compared with the perma- 
nent change above mentioned, are but temporary : in a few 
hours the reservoir acquires its original volume. For these 
reasons, in fine thermometei's, the zero is determined some 
monUis after the mercury is introduced and the tul>e scaled. 
We also see from this why the freezing point is directed to 
be determined before the boiling point. 

To redetermine the zero, the thermometer is simply im- 
mersed in melting snow or ice, and, after a sufficient interval, 
the position of the mercury is read off on the scale {fig. 11, 
p. 34). The 100° point is also redetermined by means of the 
apparatus represented in fig. 12, p. 34. Let us suppose that 
the ice melted apparently at + 0-4 on a cei-tain instrument, 
and that water apparently boiled at 101°, the barometer 
being exactly at ita mean height at the sea's level. Then 
1= 0. = - '^ - °~ -— = 1-00G° of our thermometer. 

Suppose, too, that in determining the boiling point of 
a liquid with this thermoraetei", we had obtained the following 
data:— T = 79-2, N = 40, ( = 30. Then 79-2 + 40(79-3 

• Dp, .Toiile has traced this riao in tie zero point of a 
in hia possession during twenty yeara, and ho linda, e 
period, that the oapaoity ot the liulb is not conataot, 
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-30)000155 = 79'-5,andJ 

point of the liqiiid.' 

OrdJnaiy ^ennomo- 
tera are of cooise ia- 
applicable to the deter- 
TuinationB of tempera- 
turea above the boiling 
point of mercury. Berth- 
elot has propwed a very 
BiDiple apparatus ffig. 14) 
for the estimation of 
temperatures above 300°, 
■which permits of & 
tolerably dote approxi- 
mation to exactness. It 
consists essentially of a 
glass or silver reservoir 
filled with air, connected 
■with the bent glass tube 
by a capillary tnbe, which 
is partially filled with 
mercury. Theinstmment 
13 supported by a stand, 
to which is attached a 
movable double scale, 
which can be clamped 
in any desired position. 
Mercury is poured into 
the bulb, and by means 
of an air-pump the 
Btrument ' " " 



= 790° C, the true boiling 




f 



Fig, 14. 
i partially exhausted ; on restering the pressure, 
the mercury is driven to a certain distance up the vertical 
tube. The thermometer is gi'aduatcd by immersing the 
bulb into melting ice; the air within the bulb of course 
contracts, and the mercury rises within the tube ; the 
point to which it ultimately attains constitutes the zero 
of the instrument. The bulb is then surrounded by the 
Bteam from boiling water, and the position to which the 
r now sinks marks the 100° points The bulb is next 
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^m 3s 

^^V brouglit into an atmosphere of mercuml vapour, evolved fi: 
^^M the boiling metal; the point at ivhich the height of the columu 
^^B again booomes ooaatant is styled 350°. Lastly, the bulb is aur- 
^^B rounded with the vapour of boiling eulphur, and the poiat to 
^^^ which the column is depressed ia marked 440°. The inter- 
^^M mediate temperatures, together with those above 440°, Eire ob- 
^^K tained by extra — and interpolation. Since the modus opercmdi 
^^K of the instrument depends upon the tension exerted by the 
^^^B confined volume of air, this graduation is only applicable 
^^^K when the atmospheric pressure happens to he identit^ with. 
^^^P that at the time at which it was made. Whenever a measure- 
; ment of temperature has to be made under a different prerauie 

from the initial one, the zero must be redetermined by sur- 
rounding the bulb with melting snow or ice, and making tha 
^^^ 0" on the movable scale to coincide with the extremity of tho 
^^^^ mercurial column. This instrument is not theoreticEdlj 
^^^B faultless, but it will estimate temperatures in the ncighbour- 
^^^B hood of 500° with a probable error of 3°. 
^^" For other methods of determining temperature, larger 
' Manuals must be consulted.* 

18. BelatioQ of the Valumes of Gases to Tempemture and 
Pressure — the Barometer. — Before entering on tho study of 
the gases, it is advisable to describe the methods of measuring 
the pressure of gases, since their densities are materially in- 
fluenced by tho pressure to which they are aubjeeted. More- 
over, as the student will have observed in the preceding 
jmragraphs, the atmospherio pressure modifies the boiling 
points of liquids to a marked extent. 

The relation between the volume of a gas and the preaauro 
acting upon it, is thus expressed — " The volume of a given 
weight of any gas is inversely as the presstne to which it ia 
subjected." This law was enimciated, independently, by 
Boyle and Mariotte; and Dalton further showed that it waa 
applicable to tho cose of a mixture of gases. The law, how- 
ever, is not absolutely true, for the mnjority of gases increase 
diaproportionatelyindensityunder high pressures; but, except 
under extraordinary pressures, or in the case of ga.^ea easily 

" For a doicription al nn ingenioaa iiistrumont hy Dr. Siemens, for 
measuring temperaturoa by moani of olectrical redstancea, see Joumai 
^ Ots Bonal InatUalioa, 1S71. 
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ireilucp^l to tLe liquid form, it may \>o mmimed to 
accurate for the juirposes of ordinaiy calculation. By 
means of the apparatua represented in fig. 15, tlio differ- 
ences in the rat« of conden- 
eation of certain, gasea may 
be demoEBtrated. In the iron 
vessel, V, fits a rod, which can 
be depressed or raised liy 
turning tie handle, C ; to tiio 
bottom of the vessel is attached 
an iron tube, (, leading to 
the massive block, B, in 
■which are screwed two strong 
glass tubes, di-awn out to a 
fine point at the upper end, 
and left open. The lower 
part of V, together with the 
tube, (, con bains mercury ; 
the upper portion of v is filled 
■with oil. On screwing down 



bd^^ 



the rod the 



; ry is 



ft*-i 




i 



1 the t ■ 



driven up nto the t be? > 

as to fill them complettlv 

One of the tubes is th n - — 
connected with a essel 
taining dry ammonia or s 
and the other w th an amUj, u t 
raimng the lod the m rcury falls sir ultan uua y 
tabes the one thus becomes filled th d y ai 
■with the diied gas, when the ends of the tubes are sealed off 
by means of the blowpipe. On again screwing down tho 
rod, the mercury ■will bo driven into the tubes, and the gases 
Trill be compressed. Aatheprc33uroi8continuaIlyincrea6ed,tha 
volumeof theammonia, if thatgas be taken, isobserved gradually 
to become less than that of the aii'j a given increment of pres- 
sure producing a greater amount of condensation in the am- 
monia than in the air; and, when the pressure amounts to about 
'5 or seven times tJiat of tho atmosphere, tho disparity in 
fttvo ■volumes is rapidly increased, owing ■to the liquefac- 
~ a of a portion of the ommotiia. Even aii- itaol^ when 
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er, in the | 



The tube is encased in a brass cover, i 
of which two slits are made, to allow o 

level of the mereury 
being read off on the at- 
tached Bcale. The read- 
ing off is facilitated bj 
means of the little mov- 
able casing, c c, in which 
two slits are made co- 
inciding with those in 
tbe brass envelope, bnt 
slightly wider, to allow 
the divisions on the lat- 
ter to ba easily seen. By 
the aid of a screw the 
upper interior edge, e, of 
the casing is mode to co- 
incide with the top of the 
meniscus of themerourial 
column. Thus the height 
to the nearest millimetre 
13 directly read off, the 
further subdiviBiona 
being determined by the 
nonius or vernier en- 
giavi-d on the movable 



"When a very accurate 
measurement of the 
atmospheric pressure 13 
required, a number of 
coiTCctions have to be 
applied to the height of 
the mercurial column. 
The height of a baro- 
metric column (the at- 



Jig. 18. 



moBpheric pressure being constant) varies inversely as the 
Bpeoific gi-avity of the liquid. The specific gravity of 
mercury at 4° is 13'506. Therefore the height of a column 
of water at 4°, corresponding to 0'76 in. of mei-cury, would be 
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TElirERATUBE, 



IQilaced to the liquid form, it may he iissumerl to 
aocaTate for the jiurposeB of ordinmy caJculaticFii. 
means of the appamtus roprexented in Jig. 15, the ditR 
enccB ia the rate of condeii- 
satioD of certain gases may 
be demonstrated. In the iroa 
TQBsel, V, fits a rod, wlui-h can 
be depressed or raised by 
tunmig the handle, ; to tlio 
bottom of the vessel is attacheil 
sn irOQ tube, t, leading to 
the maBsiva block, B, in 
"which aro screwed two strong 
gfaas tubes, ditiwn out to a 
fine point at the upper end, 
and left open. The lower 
jinrt of V, together with tlm 
tube, (, containa mercury; 
the upper jwrtion of v ia fiUed 
with oil. On screwing down 
the rod, the mercury ia 
driven up into tho tubes, so 
as to fiU them completely. 
One of the tiibcs ia tbtn 
connected with a vessel eoii- 

taining dry ammonia, or r'^I; ' , i, 

and the other with an anung'-i — :. -_. -;.,-. r; .■... t'a 
raising the rod, the mercury fidla ainiulttuieoujJy In the two 
tubes ; the one thus becomes filled with dry air, tlie otlier 
^th the diied gas, when the ends of the tubes aro sealed off 
by means of the btowi>ipe. On again screwing dovm the 
rod, tho merciuy will be diiven into the tubes, and the gaacs 
Trill be eompressefj. A3thepressureiscontiQunllyincrcaEed,tha 
volume ofthe anim oni a, if thatgaa be taken, is observed gradually 
to become less than that of the air; a given increment of pres- 
sure producing a gi'eater amount of condensation in the am- 
monia that! in the aii-; and, when the pressure amounts to about 
six or seven times that of the atmosjihere, the disparity in 
the two volumes ia rapitUy increased, owing to the liqucfac- 
foction of a portion of tho ammonia. Even aii- itself, when 
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compared with hydrogan, suffers ft greater contraction under a. 
given increment of pressure. The following tablo shows the 
deviation of several gases from Boyle'a law. It espresaes 

3 pressure, in metres of mercury, required to reduce the 
several gasea originally under a pressure of 1 metre of mercury 

"• I'm ^-i of their original volume. Carbon-dioxide, like 
ammonia, may be liquefied ; hydrogen and air are permanent 



yolumB. 


^. 


C.^.„. 


HjTlrogBn. 




Mctifs. 


Metros. 


Met™, 


1 


1000 


1-000 


I'OOO 


» 


40794 


4 -8233 


50116 


A 


901G9 


0'2262 


100560 


A 


14-8243 


13'18G9 


15-1395 


A 


197193 


16-705-1 ■ 


20-2G87 



19. The Baiometei. — This instrument is made by completely 
I filling with mercui-y a glass tube, sealed at one end, and of 
t about 0-8 m. in length, and inverting it in a cistern con- 
ling the same metal. The mercui-y within the tube fella 
to a. height of about 0-76 m. above the level of that in the 
ti-ough (fig. 16). The most perfect forms of the instrument 
differ but slightly from this, which was the one originally 
devieed by Torricelli. One of the piain points in the con- 
Btruction of a barometer is to ensure that the space above 
the mercui-ial column (termed the Ton-icellean viicunm) is 
absolutely free from air, since this, by its tension, would 
conntei-act the atmospheric pressure, and cause tlie column to 
stand too low. In oi-dcr to remove the last traces of air ad- 
hering to the mercury and glass tube, the metal requires to be 
heated to boiUng. A very convenient method of boiling the 
mercury, and of obviating the risk of fracture in the tube, ia 
represented in fig. 17. B is the barometer tube, perfectly 
clean and dryj it is connected by means of a. thick and clean 
caoutehouc tube with the two-necked fiask, A, containing the 
mercury; the neck, c, leads to an air-pump, or some other . 
apparatus, by which A and B can together be exhausted. 
The mercury is heated to boiling in the vacuous flosk, the tube 



gently warmecl by means of a lamp, and ; 
portions of Uie heated mercury are no-w 
poured over into B, by inclining the flask, 
and again boiled, until the tube ia com- 
pletely filled. 

As the barometric column rises and falls, 
the level of the mercury in the cistern 
altera ; and, since the heigbt of the column 
ia always measured from this level, the scale 
must be movable, in order that its zero may 
be brought into adjustment. In practice, 
it is found more generally convenient to 
have the zero fixed as suggested by Homer, 
and to bring the level in the cistern into co- 
incidence with it. This plan is adopted in 
the instrument represented in detail in fig. 
18. The bottom of the reservoii- consists of 
apiece ofleather pressing against the round- 
ed end of the screw, 8; by raising or de- 
pi-esaing this, the level of itio mercury may 
be altered. Attached to the cover of tha 
cistern is a small ivory point, p, with which 
the morcuiy can be braught into contact by 
means of tlie screw. When the point of p 
appeal's just to touch its image in 



1 





Fi!J. 17. 
i complete. This point conatitutoa Uva i 




IS cover, in the 
t upper portion of whidi two slits are made, to allow of the 
level of the mercury 
being read off on the at- 
tached scale. The read- 
ing off is facilitated by 
means of the little mov- 
able casing, c c, in which 
two slits are made co- 
inciding with those in 
the brass envelope, but 
slightly wider, to allow 
the divisions on the lat- 
ter to be easily seen. By 
the aid of a screw the 
upper interior edge, e, of 
the cEiaing is made to co- 
incide with the top of the 
meniscus of themercurial 
column Thus the height 
to the nearest millimetro 
IS directly read off, the 
further subdivisions 
! ting determined by the 

gi-aved on the movable 
casing 

'When a very accurate 
measurement of the 
atmospheric pressure is 
leqmied, a number of 
coiTectiona have to be 
applied to the height of 
tlie mercurial column. 
The height of a baro- 
metric column (the at- 
' moapherio pressure being constant) varies inversely as the 
Bpecific gravity of the liquid. The specific gravity of 
mercury at i" is 13'59S, Therefore the height of a column 
of water at 4°, corresponding to 0'7G m. of mei-cury, would be 
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^^^ = 10-333 metres. So also tlie eolunm of 

■hoi (sp. gr. O'SO), correapoiiding to the same heiglit 

"ofmeromr.wouldboO-TGm. X . = 1201C mctrea. Eut 

■''.. O'S - 

the specific gravity of the mcrciiiy is not invarialjle; it 
dirainishea with the temperature ; on a hut day the baro- 
metric column will stand higher than on a cold day, ■when 
the atmospheric pressure is actually the same. In order, 
therefore, that its indications may be exactly compai'able, 
it ia necessary to correct for these deviations in specific 
gravity; or, in other words, to reduce the column of mercury 
to a uniform temperature, say to 0°. Eut the scale itself 
expands by heat, and contracts on cooling; it ia only standard 
at 0°, This source of error to some extent coimteracts that 
due to the variation in density of the mercury; but the indi- 
cations of the scale i-equire to be reduced to 0° in accurate 
measurements, from the known rate at which the material of 
the aoale expands. In order to make these coiTections, a 
antall tbermometer ia attached to the barometer, to give the 
temperature of the scale and mercuiy. 

The barometric column, if the tube ia narrow, reqnii'cs 
another alight correction for what is termed caxiiliary deprea- 
*■ 'tin. In a narrow tube the height of the mercury is in- 
iriably lower than in a wide tube. The depression is due 
to the fact that the particles of the metal are atti'acted much 
more strongly to each other than to the glass. The en-or 
arising from this depression may be calculated when the 
diameter of the tube ia known. But this and other eriwrs, 
due to slight impurities in the morcnry, air in the tube, im- 
perfect division of the scales, io,, are conveniently merged 
into one correction by comparison with a standard instru- 

20. Expansion of Gases by Heat. — If wi- simultaneously 
heat a rod of iron and a rod of copi>er of equal lengths, 
through tho same interval of temperature, any from 0° to 
100°, we notice that the copper lengthena more than the 

c partially fill two thermometer tubea of equal ca^Or 
Bty with tho same volumes of mercviry aoA ■watet 5& ^ ^ »^^ 
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compared with hydrogen, suffers a greater contraction under 
giren increment of preesure. The following table ahowa the 
deviation of several gaaea from Boyle's law. It expresses 
the pressure, in metres of mercury, required to reduce the 
I several gases originally under a preaaure of 1 metre of mercury 
i, ^'ni "S^c-i of their original voluma Carbon-dioxide, lite 





hydrogen and aii 


nro permanent 


jasea:— 








YolumB. 


Air. 


Carbon-dioside. 


Hj-drogen. 




Met™. 




Metres. 


lletrta. 


1 


I'OOO 




i-ooo 


I'OOO 


i 


4-9794 




4'S288 


5-0116 


A 


9 -9102 




9-2262 


100500 


A 


I4-S2.13 




I3-1S69 


15-1395 


^V 


10-7193 




16-70&1- 


20-2687 



19. The Barometer. — -This instrument is made by completely 
filling with mercury a glass tube, sealed at one end, and of 
about 0-8 m. in length, and inverting it in a cigtem con- 
taining the same metal. The mercuiy within the tube fiills 
to a height of about 0-76 ra. above the level of that in the 
trough {fig. 16). The most perfect forms of the inBtniment 
differ but slightly from this, which was the one originally 
devised by Torricelli. One of the main points in the con- 
, struotion of a barometer is to ensure that the space abovo 
mercurial column (termed the Toi-ricoUean vncuum) is 
. absolutely free from air, since this, by its tension, would 
L coimteraot the atmospheric pressure, and ctmae the column to 
L stand too low. In oi-der to remove the last ti-aces of air ad- 
K: hering to the mercury and glass tube, the metal requires -to bo 
I> heated to boiling. A veiy convenient method of boiling the 
r mercury, and of obviating the risk of fracture in the tube, is 
[-esented in fig. 17. B is the barometer tube, perfectly 
I dean and diy; it is connected by means of a thick and clean 
[ caoutchouc tube with the two-necked flask, A, containing the 
1 mercury; the nock, c, leads to an air-pump, or 6ome other 
T apparatus, by which A and B can together he exbaiisted. 
[ Xhe mercury is heated to boiling in the vacuous flask, the tube 
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itly warmed by means of a lamp, and 
jmrtioas of the heated mercury are now 
poured over into B, by incl inin g the flask, 
and again boiled, until the tube is com* 
pletely filled. 

As the barometric coluran rises and falls, 
the level of the mercury ui the cistern 
altera ; and, since the height of tho column 
is always meaanred from this level, the scale 
must be movable, in order that its zero may 
be brought into adjustment. In practice, 
it is found more generally convenient to 
have the zero fixed as suggested by Homer, 
and to bring the level in the cistern into co- 
incidence with it. This plan is adopted in 
the instrument represented in detail in fig. 
18. Tho bottom of the reservoir consists of 
a piece of leather pressing against tho round- 
ed end of the screw, S; by raising or de- 
pressing this, the level of the mercury may 
be altered. Attached to the cover of tha 
cistern is a small ivory point, p, with which 
the morouiy can be brought into contact by 
means of the screw. When the point of p 
appears jiist to touch its imago in the morcury th( 




ia complete, Thi.^ point constitutes the zero of t 
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barometer scale. The tube ia encased in a brass cover, in the 
ujiper portioa of wMcli two slita are made, to allow of the 
level of the mercury 
being read off on the at- 
tached scale. The read- 
ing off is facilitated bj 
means of the little mov- 
able casing, c e, iu which 
two slits are made co- 
inciding with those in 
the brass envelope, bat 
slightly wider, to allow 
the divisions on the lat- 
ter to be easily seen. By 
the aid of a screw the 
upper interior edge, e, of 
the casing is made to co- 
incide with the top of the 
meniscus of the mercurial 
column. Thus the height 
to the nearest miUimetra 
is directly read off, th« 
further subdivisiona 
being determined by the 
nonius or vernier en- 
gi'aved oa the movable 
casing. 

When a very accurate 
measurement of tho 
atmospheric pressure is 
i-oquired, a number of 
corrections have to be 
applied to the beight of 
the mercurial column. 
The height of a baro- 
metric column (the at- 
jheiic pressure being constant) varies iaveraely as the 
specific gravity of tiie liquid. The specific gravity of 
mereury at i° is 13*59S. TJiercfore the height of a column 
of water at 4°, corresponding to OTC m, of mereury, would be 
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0-7Cm.x^-J° = 10-333 metrea. So also the coli 

pure alcohol (Bp. gr. O'SO), con-csponding to the Bame height 

ofmei-oury.vrouldbeO-TCm.x— ^-|- = 12 DIG rootrea. But 

the specific gravity of the mercury ia not invariahle ; it 
diiTiimshes with the temperature ; on a hot day the bai-o- 
metric column will stand higher than on a cold day, when 
the atmospheric pi'essure is actually the same. In order, 
therefore, that its indications may be exactly comjmrahlc, 
it is necessary to correct for these deviations in specific 
gravity; or, in other woi-ds, to reduce the column of mercury 
to a uniform temperature, say to 0°. But the scale itself 
expands by heat, and contracts on cooling; it is only standard 
at 0°. Tins source of error to some extent counteracts tlmt 
due to the variation in density of the mercury; but the indi- 
cations of the scale i-equire to be reduced to 0° in accumt© 
measurements, from the known rate at which the materiiil of 
the scale expands. In order to make these con-oetiona, a 
email thermometer ia attached to the barometer, to give the 
temperature of the scale and mercury. 

ITia harometric column, if the tube ia nan-ow, i-equires 
another slight correction for what is teiincd capillary dejirca- 
swn. In a narrow tube the height of the mercury ia in- 
variably lower than in a wide tube. The depi-eaaion ia due 
t« the fact that the particles of the metal are atti-acted much 
more strongly to each other than to the gloss. Tlie en^or 
arising from this depression may be calculated when the 
diameter of the tuhe is known. But this and other errors, 
due to slight impurities in the mercury, air in the tube, im- 
perfect division of the scales, ic, are conveniently merged 
into one corrcctioa by compariBon with a standard instru- 

20. ExpanBion of Gases by Heat.— If we Rimultaneously 
heat a rod of iron and a rod of copper of equal lengths, 
through the same interval of temperature, say from 0' to 
100", WB notice that the copper lengthens more than the 

If wp iiartially fill two thermometer tuhes of equal capa- 
city with tho same volnmea of mercury and vatet at Q\ alod 
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vfts now extau&ieil as completely as possible, find the gal 

allowed to enter from the gas-holder in a alow stream, bo as to 

insure its complete desiccation as it passes thi-ough the U-tub«s 

filled ■with pieces of piimioe, moistened with concentrated 

_ sulphuric acid. The balloon was again exhausted, and 

I again filled with the diy gas, thd proecsa of oxhaitation and 

' re-filling being repeated until the amount of air left ia 

the vessel was inappreciabla Before the balloon was filled 

for the last time, it was surrounded with ice in the manner 

shown in the figure. By momentarily opening the cock, 

before the balloon was withdrawn fi-om the ice, the gas 

acquired the tension equivalent to the atmospheric pressure 

at the luoment. Thia was ascertained from the height of the 

barometer. The globe was now carefully wiped by a. damp 

cloth (to prevent electrical excitation, which would affect 

the weighings), and hung, together with the coimterpoising 

balloon, upon the b.'ilance. As soon as the vessels had 

acquired the temperature of the balanco-case, their difference 

. in weight was carefully ascertained. The balloon was re- 

. moved from the case and again surrounded by ice, and the 

I gas withdrawn by the air-pump as far as practicable, the 

' tension of the residual gas being determined from the height 

of the mercury in the manometer. The globe was agmn. bus- 

pendedfromthebalance,and weighed with the same precautions 

as before. The difference between the weighings (W — m) 

gives the weight of the gas filling the balloon at 0° under the 

I Btmoapliere pressure H, diminished by the tension A of the 

I residual gaa. Tho weight of the gas at the standard tem- 

I peratuTB and pressure is, therefore, (W - to) -.- — -~ 

The following table gives the weight of 1 litie of some of 
the more important siniple gases at the standard temperature 
and preasui-e ;— 



Hydrogei 
Oxygen, . 

Nitrogen, 



HTDROOEN. id 

If the observed density of hydrogen be called 1, the 
densities of the other gases become raised to the numbers 
contained in the fourth column. Now, if these be compared 
with the numbers contained in the fifth column, which ex- 
press the combining weights of the respective gases obtained 
fix)m the table on p. 17, a very striking relation at once 
appeal's. The densities of the elementary gases are identical 
with their combining weights, when hydrogen is taken as the 
wait both of weight and density, (Compare p. 17). It is 
evident, therefore, that a given volume of any two gases at 
the same temperature and pressure must contain the same 
number of molecules. 
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22. Hydrogen. — Symbol H. Atomic weight 1 . Density 1 . 

This body occurs very sparingly distributed in the free state 
on the eartii. It is contained in the human breath under 
certain conditions. Certain volcanic exhalations contain as 
much as 25 per cent, by volume of this gas ; it is also found to 
accompany the remarkable jets of steam known 2i& fumeroUes, 
which occur in various parts of the world, particularly in 
Tuscany. Hydrogen is occluded in variable amount in many 
meteorites, and it is held to be a distinguishing charactei-istic 
of these bodies. But all terrestrial sources of free hydrogen 
are utterly insignificant when compared with the enormous 
reservoir of this gas which exists around the sun. Spectro- 
scopic investigations have proved to us that it is one of the 
chief constitutents of the gaseous envelope of our gi-eat 
luminary. 

In a state of combination hydrogen is very abundant on 
the earth. It forms one-ninth of the weight of water, 
and one-fourth of the weight of marsh-gas, a gas largely 
exhaled from many subterranean sources; it constitutes ^ 

10. — VOL. I. D 
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large proportion of tlie bodies of anifnals and plants, a; 
indeed Is an essential constituent of nearly all organic com- 
pounds. It is, moreover, an essential element in the exten- 
sive cliiss of bodies termed adds. 

33. ItB PreparatlDlL — The evolution of an inflammable 
gas, dui-ing the solution of iron in dilute sulphuric acid, 
ojipeara to have been observed in the sixteenth century by 
Paracelsus ; but the first eiact study of the nature of this gas 
was made by Cavendish in 1766 ; he established its indivi- 
duality, and teimed it iryiammable air. He showed that 
' other metals thaa iron — -viz., zinc and tin — when acted upon 
by sulphuric and hydrochloric acids, evolve this air in 
amount varying with the nature of the metoL 

This meUiod of obtaining hydrogen is still the one most 
commonly practised; the apparatus represented in 




serves for the preparation of the gas. The flast contains 
fragments of zinc covered with a httle water; below the sui^ 
face of the liquid dips the end of the funnel tube, through 
which the dilute sulphuric acid is poured. An energetic 
" cence is set up as the zinc dissolves, and, so soon as 
witliin the apparatus is expelled, pui-e hydrogen is 
i in bubbles from the tube ending beneath the 
the trough. If a bottle filled with water be in- 
neath the surface of the liquid in the trough, and 
held Ovqr the eti-eam of gas, the water will be gradually 
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displaced as the bottle is filled with hydrogou. The ead 
the tube dips beneath a hoie ia a little shelf or stand on 
which the bottle to be filled is placed. This very simple 
and convenient an-angement for collecting gases was devised 
by Dr, Priestley : it is called the pneumatic trough. 

The equation representing the action of sulphuric add upon 

2. 

■which indicates that 65'2 grams of zinc, when acted upon i 
98 grams of sulphuric acid, yieid 2 grama of liydi-ogen, anil ~ 
161'2 grams of zinc sulphate. The zinc sulphate remains in 
solution in the fiaak ; it may be obtained by concentrating 
the liquid sufficiently, when the salt crystallizes out. 

The evolution of the hydi-ogen is modified in a remarkable 
manner when the substaneea react upon each other under 
pressure. If the zinc and sulphuric acid, in the propovtiou 
indicated by the above equation, be brought together in a 
sealed tube — that is, under such conditions that the evolved 
hydrogen, being confined, exerts a considerable pressure upon 
the reacting subatanoes — it is noticed that, long before the 
whole of the metal is dissolved, all action ceases. This 
diminution of chemical action ia regarded by some, not as a 
dii-eot consequence of inci-eased ju'casure, but as due to the 
creation of a layer of saturated solution of zinc sulphate upon 
the surface of the metal; owing to the diminished size of 
the gas-bubblea under the pressure, the i-emoval of this layer 
is retarded, whereby the dnc is protected fi'om the action of 
the acid. There are, however, other cases of diminution in 
chemical action under great pi-essuro which do not appear to 
admit of such simple explanation. 

If iron be substituted foi- zinc tn the preparation of 
hydrogen by the foregoing method, the gas almost invariably 
acquires a peculiar and disagi'ceable odour, owing to the 
presence of small quantities of compounds of carbon and 
hydrogen. Iron, especially cast-iron, contains carbon, which, 
in pi-csence of the hydrogen evolved on dissolving the metal, 
ia in part converted into hydi'oaarbons of the 0,H^ series 
(0,H, C.H,,). 
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^^H b&roiaeter bcbIo. The tube is encased in a brass cover, 1 
^^H upper jtortion of which two slits Are made, to allow of the 
^^B m~ level of the mercury 




being read off on the at- 
tached Ecale. The read- 
ing off is facilitated by 
ana of the little mov- 
e easing, c c, in wiich 
two alita are made co- 
' with those in 
the brass euvelopCj but 
I slightly wider, to allow 
, the divisions on the lat- 
ter to be easily seen. By 
the aid of a screw the 
upper interior edge, e, of 
the casing is made to co- 
incide with the top of the 
meniscus of themeroraial 
column Thus the height 
to the nearest millimetre 
J directly read off, the 
further subdivisions 
liDing determined by the 
nonius or vernier en- 
giared on the movable 
casing 

"W hen a very accurate 
of the 



atmospheric i 
lequiied, a number of 
coirections have to be 
appbed to the height of 
tlie mercurial column. 
The height of a baro- 
metric column (the nt- 
mosphoiic pressure being constant) varies inversely as the 
I Bpeoific gi'avity of the liquid. The specific gravity of 
mercury at 4° is 13-596, Therefore the height of a column 
of water at 4% corresponding to 0'7() m. of mercury, would be 
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0-76I1L X ^r^ = 10-333 metres. So also the column of 
1*000 

pure alcobol (sp. gr. 0*80), corresponding to the same height 

13*59 
of mercury, would be 76 m. x — ^-?c- = 12-916 metres. But 
^'^ ... 0-8 7 

the specific gravity of the mercury is not invariable ; it 
diminishes with the temperature ; on a hot day the baro- 
metric column will stand higher than on a cold day, when 
the atmospheric pressure is actually the same. In order, 
therefore, that its indications may be exactly comparable, 
it is necessary to correct for these deviations in specific 
gravity; or, in other words, to reduce the column of mercury 
to a uniform temperature, say to 0°. But the scale itself 
expands by heat, and contracts on cooling; it is only standard 
at 0^ Tins source of error to some extent counteracts that 
due to the variation in density of the mercury; but the indi- 
cations of the scale require to be reduced to 0" in accurate 
measurements, from the known rate at which the material of 
the scale expands. In order to make these corrections, a 
small thermometer is attached to the barometer, to give the 
temperature of the scale and mercury. 

llie barometric column, if the tube is narrow, requires 
another slight correction for what is termed capillary depres- 
sion. In a narrow tube the height of the mercury is in- 
variably lower than in a wide tube. The depression is due 
to the fact that the particles of the metal are attracted much 
more strongly to each other than to the glass. The error 
arising from this depression may be calculated when the 
diameter of the tube is known. But this and other errors, 
due to slight impurities in the mercury, air in the tube, im- 
perfect division of the scales, tfec., are conveniently merged 
into one correction by comparison with a standard instru- 
ment. 

20. Expansion of Gases by Heat. — If wo simultaneously 

heat a rod of iron and a rod of copper of equal lengths, 
through the same interval of temperature, say from 0" to 
100°, we notice that tlie copper lengthens more than the 
iron. 

If we partially fill two thermometer tubes of equal capa- 
city with the same volumes of mercury and water at 0', and 
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tiittreme tenuity. Hydrogen la inflammable, and bnma in 
tho air with a very feebly coloured flame ; usually its colour 
ia eligbtly blue, an effect said to be due to the pi-esence of 
minute truceB of Bulpbur, either in the gas itself, and 
deiived from, its mode of preporadoD, or in the air in 
which it bums. In the act of burning i 
tinea with oxygen to form water — a, fact first noticed, 
although not esplainod, by Macquer, in 1766. Hence tho 
name given to tho gaa^-from iiCiep, water; and ytmiiB, / 
produce. 

Tlio production of water from burning hydrogen ma y bo 




Fig. 23. 
f domonrtrated by moans of tha apparatus seen in fig™ 
[ Hydrogen ia delivorad from tho gaa-holdor, and traverses the 
I U tubo, filled with calcium chloride, to absorb any aqueous 
Ta^mur which it may contain. Tho dry gas is burned beneath 
the funnel, connected with a glass tube about 70 am. 
long and 1 cm. wide, ending in the little receiver, the aide 
tube o£ which ia connected with tho large bottle filled wltb 
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water, wMch acts as an aspirator; the flow of water may be 
regulated by the stop-cock. As the heat of the flame would 
speedily fuse the edges of the glass jet together, an extem- 
porized jet of platinum, made by tightly rolling a small piece 
of foil roimd a thick pin, is inserted into the glass jet. The 
edges of the glass tube may, if necessary, be fused to the 
platinum by momentarily holding the tube in the Bunsen 
gas flame. By means of this apparatus, in about thirty 
minutes, 15 or 16 c.c. of water may be condensed in the 
receiver from 20 litres of hydrogen. 

Substances burning in the air are immediately ' extin- 
guished on being plunged into an atmosphere of hydrogen : 
thus a lighted taper, pushed into a vessel filled with the gas 
and held mouth downwards, sets fire to the hydrojren, but is 
itself extinguished When mixed ^rith aii- in certain proper- 
tions, this gas forms an explosive mixture; the loudest 
detonation is given with a mixture of 1 volume of hydrogen 
and 2 J volumes of air. That it is the oxygen in the air 
which, in the axjt of combination with the hydrogen, pro- 
duces this explosion, may be shown by inflaming a mixture 
of 1 volume of hydrogen and J a volimie of oxygen, equal to 
that contained in 2|- volumes of air, when a similar but 
more energetic explosion will result. The increased force of 
the explosion, in the latter case, is due to the absence of the 
nitrogen, which, in the case of the air, acts as a diluent. 
Great care must be taken, in experimenting with the gas, to 
insure that it is free from admixed air; before collecting it 
' over the trough, a considerable amount should be allowed to 
escape from the apparatus, so as to be certain that the last 
traces of air have been expelled. The operator may assure 
himself of its freedom from air by collecting a small quantity 
of the issuing gas in a test tube, and bringing it, mouth 
downwards, in contact with a flame : if the hydrogen contains 
air in any quantity, it will detonate; if sufficiently pure to 
be collected, it will bum quietly. 

Hydrogen is the lightest body known. It is 14*47 times 
lighter than air; it may therefore be poured upwards. If a 
jar filled with the gas be brought, mouth downwards, in con- 
tact with the moutib of a similar jar or beaker, also inverted 
but filled with air, and the former jar be gradually turned 
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mouth upwRrda, the liydrogon will pass oat into the uf^er 
vesBol, and displace tlie air it containa. (Fig. 24), The pmscnce 
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of the hydrogen in tlie upper vessel may be ascertained 
by bringing a lighted taper to its month ; its absence in the 
lower one may he rendered evident by pushing the taper 
in the vessel, when the flame ■will continue to bum 
quiotly. On account of its great levity, hydrogen was for- 
merly employed for aiirostatic puiiwsea, but its use has now 
been almost entirely euperaedcd by that of coal gas. 

25, The Crith. — One litre of dry hydrogen at the standard 
temperatufs and pressure weighs 0'0896 gram. This nura- 

's of very frequent use in chemical calculation ; it is tha 
coefficient by which the weight of 1 litre of any other gas, 
simple or compound, may be calculated. To denote this 
cocfitant, the term cnlh (fi,-om tpiBl,, a barhy-coni) haa been 
Buggeatcd, 

26. Gaseous Diffusion. — An open bottle, filled with hydro- 
gen, may be hold mouth downwards for a. short time without 
any perceptible quantity of the gas mixing with the aii\ In 
time, however, the hydrogen, in epite of its lightness, will be 
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found to h&ve escaped from tlie bottle, find ita placo will ho 

occupied by air, wliich is 14'47 times hpavier. Tliua, from 

an inverted bottle of 1,000 c.c. capacity, 816 c.c. of Iijdrogon 

escaped in four hours, and 9i5 cc. in t*n hours, ita pkco 

being supplied by an equal volume of air. Tl;e fact timt 

two gases wiU mis with each other, despite their difference 

in density, may be illuatrated in a, variety of ways. If a 

flask containing hydrogen be connected 

with one containing carbon dioxide, which 

ia twenty-two times heavier, in the manner 

eeen in £g. 25, the hydrogen being at the 

top, and the carbon dioxide at the bottom, 

after a certain interval of time, half of the 

heavier carbon dioxide will be found in tlie 

ujiper flask, whilst half of the hydi-ogen 

wOl be found in the lower one; in other 

words, the one gaa makes its way from 

vessel to vessel, aa if the other were absent. 

Tiiis feet Dalton eitpressed by Baying, that 

one gas acts as a vacuum towards another; 

for what is true of hydrogen and carbon 

dioxide is true of all gases which are 

without chemical action on one another. 

Wien two or more gusea have thus 
diffused themselves uniformly through one 
another, they never separate again in the 
order of their specific gravities. 

Paradoxical as it may appear, the rapidity 
with which a gaa lighter than nir makes its 
escape from an inverted bottle is in proportion to its levity. 
The lighter it is tlie more quickly does it d'l^ffnse. Experiment 
shows that (Ae diffuaibiUty of two gases varies in the iwoeree 
ratio of tfie square roots qfi/ieir densities. 

Twobottleaof lOOc.o. capacity were filled respectively with 
hydrogen and carbon dioxide, and bo arranged that the bottle 
of hjdi'ogen was mouth downwards, whilst that of carbon 
dioxide was upwards; it was found that 47 c.o. of hydrogen 
escaped ia two horn's, whilst it required ten hours Forwesamo 
volume of carbon dioxide to difluse. The projtortion of 1 ; 6 
is very ueai'Iy as that of the aquai'o root of the density of 
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hydrogen, 1, to tlie Bquare rooii of the density of carbim 
dioxide, 25. 

The intra-diifusion of gaacs takes place oven ttrough very 
small pores; the ratios of their diSusIbilitics are not altci'ed 
hy varying the magnitude of the connecting apertures. It 
has been observed tliat hydrogen diffuses out of a, cracked jar 
standing over the pneumatic trough with such rapidity that 
the watfir rises within the jar, an equal volume of air not 
being able to enter the jar through the crack at the same 
rate. By means of the diffusiometer tho rapidity of tbia in- 
terchange may be more efisily rendered evident. This instm- 
mcnt conaists of a glass tube of 2 or 3 cm. in diameter, and 
25 o.m. in length, open at one end, and closed at the otber by 
a diapbrngm of some porous mateiial. The material originally 
employed by Graham, by whom the phe- 
nomena of gaseous difiiision'were inves- 
tigated, was gypsum. A. closely fitting 
cylinder of wood was pushed into the 
tube to within about 5 m.m. from fjie 
end, the unoccupied spiice being filled 
Mdth gypsum paste of the consifitem^ 
usually employed for taking castSi 
When the plugwaa sufficiently hardened, 
tho wooden rod was withdrawn; and 
by allowing the stucco plate to dty by 
exposure to the air it became permeable 
to gases. Various other materials may 
i be used for the diaphragm—^, g., paper, 
' charcoal, wood, dry bladder, cork, &&, 
Fig. 2S. but probably tho most odvaotageotis 

aubatance is artificially compressed graphite, which may bo 
obtained in thin discs, like wafers, not exceeding half a 
mJlUmetre in thickness ; these may be readily cemented on 
to the end of the tube, A plug of unglazed earthenware 
or biscuit may also be substituted for the stucco. When the 
difi'uaiometer is to be used, the diaphragm is covered with 
' a piece of unvulcanized caoutchouc, and the tuba is filled 
■with mercury ; if water be used, it must not touch the 
septum, or its action will bo arrested; in such a case, the 
shorter limb of a syphon is inti-oduced into the difTnaiometor 
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a. 1 cm. or bo of the Htucco, and the air displaced by 
sinking the tube in the trough ; tiie syphon is withdrawn, 
iintl the tube filled witii the gas. On removing the caoutchouc 
cover, the gas ditfusea through the porea of tho diiiphnigm, 
and, in the case of hydrogen, 
with such rapidity ttiat the 
water liseB several inclios within 
the tube. (Fig. 26). The specific 
gravities of hydrogen and air 
being respectively 1 and 14'47, 
tbeir diffusibilities will be in 
the ratio of ^ulTto 1 ; that 
is, for every 3'8 c.c. of hydrogen 
EEcaping from the tube, 1 c.c. of 
air entflTH in ite place. 

This fact may be admirably 
iUnsirated by means of the 
apparatus seen in fig. 27. Thu 
glass tube, a, is about 1 metre 
in length, audi c.m.indiametci'; 
it is fixed into the porous cell, 
b (such as is employed in gal- 
vanic battciies), by means of a 
well-fitting indiariTihber corfc. 
The other end dips into the 
vessel filled with water, colouivd 
by a few drops of indigo solution, 
in order to render its movement 
more perceptible. If a jar of 
hydrogen be brought over the 
cell, this gas will enter through 
its pores mucli more quickly 
tbnn the air within con make 
its way out ; the excess of 
pressure within the apparatus 
CBUses a portion of the mixed Fig. 27. 

gas and air to escape in l)ubbleB &om -the end of the tube ia n 
the water. As, from the arrangement of the apparatus, the 
mixed gar, cannot tMcape, it presses upon the Bui-faoe of the 
L the two-necked flask, and drives it ont through 
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w jet. As Boon aa the jar is removed, the hydrogen 
3 to diffuse out of the cylinder with miioli greater 
rapidity than the air can enter in its place, so that a partial 
vacuum la created within the apparatus, and the coloured 
water ia driven up the glaaa tube. 

The following table shows the rates of difluaion of several 
gases, eimple and compound, aa determined by Graham. The 
density of the gases in column I. is compared n-ith air aa 
unity ; column II. givea the inverae square roots of these 
densities ; and column III., the observed velocity of diffusion. 



O.S. 


I. 


n. 


UL 


Hyikn^'cn, 

NitrogDQ, 

Ojtygtn, 

Carbon diuxiile,. 


0G326 
0-0713 
1-1056 

i-osm 


3 779 
1015 

0051 
0'809 


3-83 
1-OU 

812 



Graham has further shown that hydrogen penetrates 
through a porous septum into a vacuum with the same abao- 
Inte velocity aa into air, thus establishing the fact that the 
force promoting diffusion is identical in both cases. It ia 
only when the diaphragm is very thin that gases diffiise in 
this ratio ; if it is thicker, so that it may bo assumed to con- 
sist of a sori^ of capillary tubes of great length in proportion 
to their diameter, the passage of the gases occurs at very 
different rates. The movement of gases through very narrow 
tubes (called capillai-y transpiration) is regulated by other 
laws than those governing gaseous difflision. 

27. AtmolyBis. — Advantage may be taken of the varying 
dlffiisibilities of gases to effect a partial separation of the con- 
stituents of a gaseous muttura Hiich a pi-ocess of separation 
by diffusion is termed atmolysix (from or/iilt, gasj \u», to loosen). 
If a mixture of oxygen and hydrogen, in the proportion to 
form a detonating gas, be allowed to flow slowly through a 
stucco tube (a clay tobacco pipe does very well), the end of 
which dips under the sbolf of the pneumatio truiigh, tlis 
hydrogen will diffuse through the pores of the jiipo with so 
much greater rapidity than the oxygen, that the issuing gas 
collected in the tube no longer detonates on the approaoh 
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at a ligbt, but, on account of the increftGed proportio 
oxygen it containR, Bupporta combustion with increased 
vigour (Bg. 28). This proceas aflbrda a metbod of deter- 




Fig. 23. 
raining whether a certain gas is a mixtnro or an individuals^ 
if the resulte of ita analysis, before and after atmolysia, are 
identical, we may conclude that the gas ia not a mixture, 

28. Constitution of Oases. — The investigation of these 
remarkable intestinal movements of gases has conduced, 
tf^thor with other considerations which cannot here be 
entered into, to the adoption of a theory of the constitution 
of gasea ■which connects together all their laws which we 
have hitherto studied. Accoi-ding to fbia hypothesis, a gas 
consists of Ml aggregation of molecules moving incessantly 
and with great rapidity. The rate of movement of the 
particles ia variabia by reason of their ceaseless mutual 
encounters; at the eame instant some are moving rapidly, 
others slowly, whilst the greater number move witi. an 
intermediate velocity. To this incessant movement of their 
constituent molecules, is due the piiucipal characteristic of 
gases, viz. , their elasticity or expansive tendency. The 
outward pressure which they exert on any contiining surface 
ia the aggi-egate effect of the impact of their molecules ■ >> '■■■ 
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propoi~tianFil to the buiu of tlie masses of tlie molecnleti ' 
multiplied into the aquarea of their Telocities. If ■we halve 
the containing epacc, we doiiblo the number of impacta in a 
^ven time — that ia, the number of impacts in a given time 
varies inversely as the volume of gas ; thia is equivalent to 
Baying that the pressure exerted by a gas varies inversely as 
its volume, ■which ia nothing else than the law of Boyle and 

■ Mariotte. 
We have already stated that the number of molecules in 
tiie unit volunie of any gas, whatever be its nature, is the 
same whilst their maflses are variable ; and this law admita 
of independent demonstration by the aid of the dynamical 
theory of gases. It follows therefore that the mean veloci- 
ties of the molecules of different gases must be variable. It 
has beea calculated that at 0° C. the mean rapidity of the 
, molecules of — 

Hydrogen Ib 1j344 metres per second. 
Oxygen „ 4GI ,, ,, 

Hitrogen „ 492 ,, „ 

' These numbera accord witli those demanded by the law of 

the diffusion of gases, which states that the lats at which a 

1 gas is translated is in the inverse ratio of the squat's root of 

\ its density. The density of hydrogen being 1 , that of oxygen 

is 16, and ^ig = 4 ; the rj,tio of 4 to 1 is as 1,844 to 461. 



29, Oxygen. — Symbol O; atomic weight 16; density 16. 
Oxygen is the most widely diffused of all the elements. 

It occurs in the free state in the air, of which it forms nearly 
oae-iifth by volume ; in combination it constitutes nearly half 
of the mass of the earth ; it forms about eight-ninths of the 
weight of water; and it ia an essential constituent of all 
organisms. 

30. Its Preparation.— 0.\ygen was discovered by Priestley 
in 1774. He obtained it by heating mercuric oxide which, 
us we have already Iciu-ned, yields nearly 8 per cent, of its 
weight of tlie gas. The Swedish chemist Scheele disoovennl 
it, independently of Priestley, in 177S, and termed it smpyretd 
air, from ite ch^'acteriatio |»ower of auj^iporting combusdoiL 
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ly other eombinationa of oxygen and nietiJa may be uecJ 
AS Bonrcea of tlie gas, some of which, like mercuric oxide, yield 
the whole of their oxygen, whilst otliora part with only a 
definite proportion of it. Monganoso dioxide may be tatei 
as an example of the latter class ; when heated, it is deconi 
posed in accordance with the reaction — 

3JIuO, = mxfit + 0:, 

manganese dioxide yielding oxygen and tiimanganic tetrowdi 
This method of preparing the gas ia occasionally employed in 
the laboratory. Oxygen ia an essential constituent of many 
saline auLstances, such as nitre, potassium chlorate, &o. The 
latter substance indeed constitutes the general Bource of 
oxygen in the laboratory. "When potassium chlorate is heated 
to about 370° it melts, and at about 400° it commences to 
evolve oxygen gas, whioh is rendered evident by the appear- 
ance of effervescence in the molten mass. Aft^ a time the 
salt partially solidifies, and if the heat be continued to low 
rodneaa, the mass becomes suddenly incandescent, and evolves 
a further quantity of oxygen. The decomposition of potas- 
sium chlorate evidently occurs in two phases. The first 
action of heat converts the salt into potiiasium perchlorate, 
potassium chloiide, and oxygen — 

First phaae. SKClOj = KCIO^ + KCl + O^ 
And on increasing the heat, the potassium perchloratc 
decomposed into potassium chloride and oxygon — 

Second phuBe. KQOj = KCl + 20^ 
The temperature required to expel the total amount of oxygen 
contained in potassium chloi-ate is therefore very high. The 
difficulty of obtaining the whole of the oxygen is increased 
by' the circumstance that the pai-tial solidification of the 
salt occurs soonest near the sides of the vessel, which thus 
become lined with a mass of badly conducting material, 
whereby the decomposition of the salt in the interior in 
retarded. If the decomposition is eficctcd in gloss flasks, 
these, it the high temperature needed, become softened, and 
lose their shape. 

If, however, the potassium chlorate, in a state of powder, 
19 mixed with ceiiaiu finely divided Bubstnnccs, which exert 
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o chemical action upon it, the salt never fiiHes ou heatmf, 
and the complete expulsion of the oxygen occurs at a maeh 
lower temperatm-e. The 
substances 'which niOBt 
readily promote the de- 
composition of the salt 
are cupric oxide, man- 
ganese dioxide, and ferric 
oxide. If an intimati] 
mixture of i parte of 
I finely jjowdered potaa- 
B sJLim chlorate, and 1 
'~^^^-~ part of cupric oxide, ob- 
tained by precipitation, 

s to lie evolved at about 250°, and at 
about 300° the decom- 
]iosition 13 Tery rapid. 

" At a few degreea higher, 

the mas3 Huddenly bo- 
comea heated, solely from 
the energy of the docom- 
IHjsition, and its tempeiv 
.iture rises to neai-ly 400°, 
when the remainder of 
the oxygen is instan- 
taneously evolved. Tho 
whole of the Ealt is 
converted directly into 
potassium, chloride ■wiibr 
out the copper oxide 
suffering the slightest 
change. Similar results 
are obtained by anln 
'. stituting eitlior of the 
i other oxides; withferrie 
oxide, however, tha totil 
ilecompotiition of the salt 
i-cquirea a longer time; 
in neither case is tho 
The decomposition in s " 




Fig. 30. 
, any degi'ee modified. 
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cases IS accelerated when the substances are fully powdered 
and intimatelj mixed. By carefully regulating the heat^ the 
temperature may be maintained at about 300° when the 
evolution of gas is uniform and regular : if the temperature 
be allowed to exceed this point, so that the decomposition 
becomes violent, a small quantity of chlorine is simultaiieously 
evolved. The apparatus seen in fig. 29 serves for the pre- 
paration of oxygen by this method : the mixture of potassium 
chlorate and manganese dioxide is heated in the small flask 
fitted with a cork and bent delivery tube ; as soon as the gas 
commences to come over rapidly, it may be collected in tho 
bottles filled with water and staiiding inverted on the shelf. 

31. Storage of Oases. — Large quantities of the gas may 
be conveniently stored in the gasometer, represented in ^g. 
30. AB is a cylinder of sheet zinc or copper, surmounted by 
a cistern, CD ; aty is a tube (provided with a stopcock) which 
connects the cylinder and cistern, and reaches very nearly to 
the bottom of ike former. On allowing water te flow down this 
tube from the cistern, the air or gas within the cyHnder is 
expelled through the tube 6, which is also fitted with a step- 
cock ; at ^ is a lateral tube placed at an acute angle with tho 
cylinder, which can be closed by a screw cover fitting into its 
mouth. In order to fill the apparatus with gas (say with 
oxygen), the two stopcocks are opened, and water poured into 
the cistern until the cylinder is filled ; the two stopcocks are 
then closed and the cover of ^ imscrewed j the mass of water in 
AB is prevented by the atmospheric pressure from flowing 
out. The delivery tube of the apparatus furnishing the oxy- 
gen is then pushed through g into the cylinder ; as the giis is 
evolved, it (Hsplaces the water, which flows out past the tube 
into the trough, jj. The amount of gas in the cylinder is seen 
from the height of the water-level in the guage, h h. "When it is 
necessary to fill a vessel with oxygen from the store in the 
cylinder, water is poured into the cistern, and tho vessel, also 
fdled with water, is brought over the tube c, the stopcocks e 
andyare then opened, water flows down/ and drives the gas 
through e, which displaces the water in the vessel. As soon 
as the vessel is filled the cocks e and f are shut. Instead of 
sending the gas through e, it may be expelled through a short 
side tube on the top of the cylinder (not shown in the figure) 
10. — ^VOL. I. £ 
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furnished with a stopcock ; by attaching a caoutchouc 
the end, the gas may be led to any dcsii-ed poaition. 

83. Action of the Admixed Oxides on the Fotaflsium 
Chlorate. — It must be careftdly home in. udnd that, so far as we 
at present know, the oxides promoting the decomposition of the 

fotassium chlorate are in nowise altered during the procesK 
t might be supposed, from the fact of their containing o^geiit 
that tiiey con^but«d to the amount of goa evolyed. Man< 
ganese dioxide, it is true, as we have already mentioned, 
parts with a portion of its oxygen when heated ; but t})e 
temperature of its decomposition is far higher than that at 
which even the immixed potassium chlorate ia decomposed. 
We shall have occasion to observe many other instances la 
which a body promotes or initiates the decomposition of a 
fiubstaace, or resolves it into another substance apparently by 
ite mere presence, and without itself suffering change. Sn(ji 
phenomena are referred to under the term catedysU : the 
manganese dioxide, and the cupric and ferric oxides are, with 
reference to the above reaction, called catalytic agents. It is 
very difficult to give an explanation of catalytic action to 
cover all tie observed cases. Some may be explained on tiio 
sumption, that the body in contact exerts an amount of 
Inity, sufficient to upset the equilibrium of the substance 
to be decomposed, but ttat under the conditions of the 
deomposition this affinity cannot possibly be satisfied. He 
effect of heat upon potassium chlorateis to loosen the affinities of 
the oxygen atoms for the potassium and chlorine ; when the salt 
'n intimate contact with a substance like manganese dioxid^ 
which exerts an afSnity for oxygen by its tendency to pass 
into a higher state of oxidation, the force tending to decom- 
pose the substance is augmented ; it is made up of the loosening 
effect of heat plvs the affinity exerted by the manganese 
dioxide. But at the temperature of decomposition the higher 
oxide cannot permanently exist ; supposing it to be formed, 

, it would instantly be decomposed. A similar case of catalytlo 
action is seen in the action of nitric and oxalic acid upon one 
another. Their mutual decomposition is promoted by this 

' tendency of the oxide of manganese to pass into a state of 
higher oxidation. Oxalic acid, heated with strong nitrio 

I acid, is oxidized ; but when water ia added, the oxidizing 
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action of the nitric acid ceasoa. If now a trace of manganouS' 
Dside in solution is added to the diluted mixture, oxid&t' 
recommences. Evidently there is some force residing iq,' 
the oxalic acid tending to pull away the oxygen atoms from 
the nitric acid: with a certain dilution of t£e solutions aa 
equilibrium is established, but this is at once upset by tlio 
iutroduction of the manganous oxide, which likewise tends 
to withdraw the atoms of oxygen. The higher oxide of 
manganese is, however, incapable of existing in an acid 
solution containing oxalic acid, which is thus enabled to taks 
to itself the liberated oxygen, the manganous oxide remaia< 
ing unchanged. 

A very interesting instance of catalytic action, resulting in 
the liberation of oxygen, is seen in die action of boat upon 
Bolutions of the hypochlorites containing certain metallio 
oxides. If a strong and filtered solution of calcium hypo- 
chlorite, Ca(C10)g (&om chloride of lime), is heated with a 
small quantity of precipitated cupric oxide to about 50°, 
oxygen to the extent of 30 timeti the volume of the solution 
is evolved, whilst the cupric oxide experiences no cliange. 
The oxides of cobalt, nickel, and iron will bring about the 
same decomposition. Many cb-cumstaaces appear to show 
that the oxygen in calcium hypochlorite is very loosely held; 
if a solution of this body is exposed even to sunlight, oxygea 
is slowly evolved. But the manner :q which the metijlio 
oxide intensifies the force tending to withdraw the oxygea 
from the hypochlorite is not very apparent. Possibly the 
evolution of the oxygen may be due to iiiduced action, as in 
the case of the manganese oxide, the oxides tending to pass 
into a higher but unstable state of oxidation ; or possibly a, 
metallic hypochlorite may be formed which is subsequently 
decomposed, the oxygen being liberated in the free Btata 

Various other methods of preparing oxygen will bo do- 
Bcribed hereafter. 

33. Properties of Oxygen. — By whatever method obtained, 
oxygen is a colourless, tasteless, inodorous gas, which haa 
rensted every attempt to effect its liquefaction. It is 10 times 
heavier than hydrogen; therefore 1 liti-e at the standard tem- 
perature and preasui-e should weigh 16 criths or 16 x 0-0896 
grams » 1*4336 grams. It is the least refractive of all 
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gases. Even at tlio ordinary temperature it manifeal 
marked cbeniical activity. If a piece of sodium or potasaium 
bo thi'cwn iiito on atmospLere of the gaa, combinatioa occura 
and an oxide of the metal ia obtained. Phoaplioma in bulk is 
slowly oxidized in contact with the gas ; ■when finely divided, it 
burst*! into Qame, from the great heat developed in the 
rapid combination. Many other finely divided snbetances 
combino 'with oxygen, even when diluted with nitrogen; 
thus ii-on and lead, when obtained by chemical means in & 
state of minute Hubdiviaion, become oxidised, with the evolu- 
tion of Light ajid heat, if simply espoaed to the air. The st 
effect ia seen on massive iron in the formation of rust, which 
ia simply ferric oxide {FjOj), produced by the aotion of oxygen 
in presence of atmospheric moisture and carbon dioxide; 
lead in mass, in like manner, is tarnished on exposure 
by the same action. A heap of rags or tow, saturated with 
oil and left exposed to the air, becomes heated from the o 
dation of the oil, and not unfrequently inflames from the 
energy of the coiabination. 

At increased temperatui'ea the chemical activity of oxygen 
ia greatly augmented. If the piece of phosphorus be gently 
heated, on plunging it into an atmosphere of oxygen, it bursts 
into flame and burns with dazzbng brilliancy. If a jet of 
oxygen be allowed to pJay upon molten zinc, the metal bums 
■witli a very bright lights In like manner, a, s])iral of iron 
wire or a ateel watch-spring, when heated aufficiently, may bo 
made to burn brilliantly in oxygen. Indeed, all so-called 
combustible substances, when at a sufficiently high tempera- 
ture, combine with oxygen with the evolution of more or less 
light and heat A fragment of red hot charcoal or of feeLly 
burning aulphnr bum with gi-eatly increased energy whea 
introduced into a vessel filled with oxygen, 

34. The Oxides.— The substances formed by the combination 
of the elements with oxygon are termed oscides : all thfl ele- 
ments, with the exception of fluorine, aro capable of com- 
bining with oxygen. If we pour a little lime water into the 
jar in which the charcoal was bunied, we notice that it 
becomes tm-bid, owing to the preacnco of carbon dioxide, 
if we add a few drops of the tincture of litmus to tlie jars 

■which the phosphorus and sulphur were eonaumed, tlie 
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blue liquid is immediately reddened from the solution of 
the oxides of phosphorus and sulphur which are formed. 
A similar chaiige of colour is brought about by the 
addition of any acid to litmus solution. Lavoisier fii-st 
drew attention to the fact that the products obtained by the 
combination of Scheele's empyreal air with cei-tain elements 
gave rise, on solution in water, to bodies which aifectod vege- 
table colouring matters in exactly the same manner as acids. 
Lavoisier concluded, therefore, that this air was the acidifying 
principle, and to denote this idea he proposed to change its 
name to "Oxygen," from 6^6^^ add; and yewdcoj I produce. 
This view of the constitution of the acids — viz., that they neces- 
sarily contain oxygen — we now know to be en'oneous, for many 
substances affecting vegetable colours in the manner described 
are without a particle of this element; other substances 
which do contain oxygen, such as the oxides of potassium and 
sodium, have an action totally different from that of the acids 
on the colouring matters ; whilst a third class of oxides, for 
instance, those of iron and silver, are entirely without action. 

The oxides are a very numerous and important class of 
Bubstances ; many of tJiclo, such bb those of kon, manganese, 
tin, chromium, and copper, occur native, and constitute valuable 
orea Some oxides, as we have seen, may be obtained by 
direct combination : others, as the oxides of silver, platiimm, 
and gold, can only be obtained by circuitous methods. Tlie 
majority of the oxides are solid at ordinaiy temperatures ; 
they are usually opaque and eaithy substances, destitute of 
lustre, and, with few exceptions, non-conductors of electricity. 
Some few are gaseous under ordinary circumstances, and a 
very few are liquid. 

An element not unfrequently has the power of uniting with 
oxygen in several proportions. Thus, no fewer than live 
oxides of nitrogen are known, and even six oxides of manga- 
nese are supposed to exist. To designate the absolute position 
of the oxides in a series, we employ prefixes derived from the 
Greek numerals : thus, we have wicmoxide, cZtoxide, ^rioxide, 
^roxide, pentoydde, &c. Occasionally the definition is not 
so precise, and the prefixes jpro^o and pet* are employed merely 
to indicate the relative position of the oxides in the series. 

85. Combustion. — All phenomena of burning are manifes- 
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tadons of chemical action, accompanied bj great h«at anjt 
tight, and resulting in the formation of chemical compoonda 
What we ordinarily term combustion is simply the act of 
chemical change rendered evident to ua by the production of 
light and heat : viewed in this manner, tiie phenomenon ie not 
reBtricted to the process of combination with oxygen ; the cop- 
per burning in sulphur vapour, and the gun-cotton in the 
vacuum, are equally instances of combustion. Oxygen is said 
to be a supporter of eotnbiution ; combustible subatancea — 
bodies which take fire — bum in it, but the gas itself is 
not inflamed. Hydrogen is a combustible substance; when a 
lighted taper is brought to it, it takes fire at the mouth of the 
vessel ia which it is contained, but the biUk of the gas does 
not momentarily inflaraa We noticed that if the lighted taper 
ia pushed up into the bulk of the gas, it b estinguished. As 
we express it, hydrogen is not a supporter of combustion. 
The air contains oxygen in the free state; it has been stated 
that every five volumes of air contain one volume of this gas. 
We have also seen that a candle in the act of burning com- 
bines with this oxygen ; its combustion implies combination 
with oxygen. But, if the lighted candle be thrust into an 
atmosphere for which its constituents, even at the temperSr 
ture of ite flame, have no chemical affinity, the act of combi- 
nation ends, and combustion ceases. The constituente of the 
candle have no tendency to combine with hydrogen ; hence the 
candle is extinguished when plunged into that gas. 

But the hydrogen bums at the mouth of the jar — ^it bums 
where it comes in contact with the oxygen of the air ; for, as 
■we have already stated, the act of hydrogen burning in the 
air means combination with oxygen to form water. We 
know that if wo mix the air and hydrogen within the vessel, 
we shall have a very energetic combination on the approach 
of a light— an almost momentary combustion, attended with 
BO much heat that an explosion results. Let us consider 
what would be the effect if hydrogen were substituted for 
oxygen in out own atmosphere. If,byaomemeana, we brought 
a flame to a jar of oxygen situated in this atmosphere, tht 
OKygen would injimne at the mouth of the jar — at the place 
where it meets with the hydrogen, the oxygen, would he the com- 
buetible and (/« hyiirog^n would aujppoH its combtislion, Obyi 
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ilj", thereforo, the tei'ms " supporter of combustion 

combustible " are merely relative ; they refer simpiy to tUe 
ConditionB under which we exist. It is very ea^y to shuw tliia 







importnnt fact, by actually enuring ox 
atmospliere of hydrogen. The large ji 
hydrogen; if the gas be inflamed at 
the mouth, and a glass tube deliver- 
ing oxygen from the gas-holder be 
pushed through the flame, the flame 
will follow the end of the tube in its 
Hpward progress into the jar, and by 
inserting the cork into the neck, tho 
flame burning there will be ex- 
tinguished (owing to the mixing of 
air and hydrogen being prevented) ; 
but the flame within the jar wili 
oontiniie to Lum at the end of tlio 
tube where the oxygen, tirst meets 
■with the hydrogen. 

By an esperiment identical in : 

principle, the air may be caused to I^'E- 32. 

appear as a combustible, and the common gas from c 
which we use to illuminate our houses, may be made to 
support its combustion. The fiask in fig- 32 has two holea 
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^^m blown out before the glass-blower's lamp in its a^y 
^^B in one of the holes is fitted a cork carrying a short 
^^M piece of giftss tube, which is connected by means of caoutchouc 
^^H tubing with the gas supply ; through the other hole is pushed 
^^M ft short length of brass tubing, a cork-borer for example. 
^^V The apparatus is filled with coal-gas, the excess of which may 
^^m be kindled as it escapes &am the upper month ; if a light^ 
^^^ taper be quickly pushed up through the brass tube, the flame 
^^B will appear at Uie end where the air first meets the coal-gas. 
^^M Energetic combustion is always attended with the evolittioa 
^^p of great heat. This evolution of heat is the result of the 
chemical combination of the substances. It should be care- 
fully borne in mind, ho^feTer, that the aggr^at« amount of 
the heat produced is the same whether the combination takes 
years to nccomplish, or is effected in a few minutes. Char- 

Icoa1, for example, produces exactly the same combinatioua 
■when burning in air as when burning in pure oxygen; and 
its unioa with oxygen, either pure or diluted, generates the 
Bamo sntouut of heat in each case. The difference in tem- 
perature is due to the fact that air contains a large amount 
of nitrogen, a gas which acts as a diluent, and retards tha 
contact of fi-eah portions of oicjgen with Uao burning body, 
tf, however, the motion of the air be increased, aa by the 
action of the smith's bellows, a greater number of o^Tgen 
particles ai'o brought intti contact mtli the combustible iK a 
given time, and therefore the rapidity of the combination and, 
ftccoi-dingly, the temperature, are augmented. This principle 
regulates the action of all other contrivances, such as blowing- 
machines, dampers, &o., employed to modify the rapidity of 
combustion in air. 
36. Respiration, — Oxygen is the life-supporting element 
in the air. The consumption of this body by the animtO may 
be taken as the measure of its vitality. All annuals require 
that tills gas should be brought into close contact with the 
blood or internal juices of their bodies. The mechanism 1^ 
which the oxygenation ia principally effected varies in difi^ 
out animals. In man and in the higher air-breathing animale, 
air is drawn by the alternate expansion and contracti(m <^ 
I the chest-walls into the lungs, and ia thus hi-ought into inti- 
^ mate contact with the blood contained in the I'amiScation (rf 
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iatet] over that organ. In Gome atiimala tlie 
carried through tlie system by means of minnte tubes', and 
in many of the lower animals oxygenation ia accomplished by 
a process of simple transpiration — that is, by the air making 
its way through the external surface of their bodies. Im' ' 
this process occurs also to a limited extent in the case o 
higher animals, as in man. The earliest notions of 
respecting the theory of respiration were exceedingly cruda 
The ancients generaUy considered that the object of the pro- 
cess was to moderate the animal heat, John Itayow, in 
1674, first distinctly pointed out that rcBpiration was attended 
with the absorption of a constituent of the air, and tliat this 
substance {which he also recognized as an ingredient of nitre) 
exerted a direct action upon the blood, BLick, in 1757, 
showed that respiration resulted not only in the abstrsction 
of something fi'om the air during inspinition, but also in the 
retoming of something to the air in expiration. But the 
true action of animals upon the air was first clearly estab- 
lished by Lavoisier, who, connecting together the i-esults of 
hia predecessors, showed that in the act of respiration animals 
inspire oxygen, and expire carbon dioxide; and he further 
pointed out that the high temperature which distinguishes 
animals fi-om inanimate things could be accounted for on 
the supposition that it was due to the combustion of an 
amount of carbon in the blood, equal to that contained in the 
carbon dioxide expired. According to this idea, the lungs 
act as the fm-nace of the body. Animal heat is maintained 
by a process of chemical oombuiatron — of combustion in thfl 
lungs — identical in character with that manifested when 
charcoal bums in oxygen. As this combination takes place 
only in one spot of the body, whilst the temperature in all 
paj^s is nearly identical, Lavoisier furtlier concluded tltat 
the rapidity of the circulation of the blood and the evapora, 
tion from tho lunga were sufficient to maintain an equable 
temperature. It is very easy to show that carbon dioxide 
is a, constituent of expired air: we need only to blow through 
a small quantity of lime water for a minute or so to obtain 
the turbidity characteristic of the combination of the lime 
and carbon dioxide. By means of the arrangement shoi 
iu fig. 33, the change efTected in air on. breathing may 
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I a very coDclusiye manner. The apparatna o 
of a cou]ilo of flasks connected together by a bent tuba fur- 
nished with a aide tube and mouthpiece ; on inspiring air 
through this m.outhpieco A, 
air ia drawn in thivjugh the 
lime water contained in B, 
which remains unaffected ; 
on blowing through the ap- 
paratus, the expired air is 
forced through the lime water 
in 0, which rapidly becomes 
milky. The process of com- 
bustion, however, ia not con- 
fined to the union of oxygen 
and carbon, for Xdivoisier 
recognized that more oxygen 
disappeared than is returned 
to iJie air as carbon dioxide. 
This surplus amount, he sup- 
posetl, might combine with the blood, or mighti — ^which he 
considered moro probable — unite with its hydrogen to form 
■water. But further experiment stowed that this view o£ 
the action of oxygen could not be received in its entirety- 
It presupposed that the venous blood contained no dissolved 
gases, and that the carbon dioxide was only formed during the 
process of arterialization. It was observed that certain slow- 
breathing animals, placed in an atmosphere of hydrogen, con- 
tinued to exhale carbon dioxide for a long time. This gas 
could not have arisen fram the direct combustion of carbon: 
its quantity was far larger than corresponded to the amount 
of oxygen which could be supposed to be present in the lungs 
when the animals were removed from the air. By direct 
experiment it was shown that oxygen, nitrogen, and carbon 
dioxide were present in venous blood, as well as in that of 
Uie arteries. The following analyses will give an idea of the 
relative proportion of these gases in 100 volumes of the 
BJtfirial and venous blood of a dog ; — 

Total 
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Hence it appears that, alihoagli both kinds of blood contaiu 

the same gases, venous blood contains more carbon dioxide 
and less oxygen than arterial blood. The views of phj^io- 
logista were accordingly modified, and the combustion theory 
of LaToisier was renounced : tho action of oxygen was now 
considered to be purely physical. The venous blood charged 
with carbon dioxide in solution is brought^ during ita passage 
through the lungs, in contact with on atmosphere containing 
but little of that gas, and accordingly gives up a portion until 
na equilibrium is established between the amount contained 
in the lungs and that remaining in the blood ; in like manner, 
being comparatively poor in oxygen, it takes up that gas until 
a, similar equilibrium is established between the quantity in the 
blood and in tho air of the lungs. Further experiments have 
shown that this diSusion theory must be again modified ; it 
■was pointed out that animals absorbed just as much oxygen 
when breathing an atmosphere of the pure gas as when breath- 
ing air, and also that the relations between the gas are in no- 
wise disturbed when the breathing occurs under diminished 
pressure, as at the top of a high mountain. It would appear 
£rom this that the absorption of oxygen is not purely physi- 
cal ; the gas must combine chemicoJIy with some constituent 
o£ ihe blood, but in so feeble a, manner that very slight causes 
are suificient to disturb the combination. Subsequent experi- 
ments have confirmed this conclusion, and have proved that 
the power of taking up the oxygen resides in the red corpus- 
cles, and not in the serum in wliich they are suspended. The 
corpuscles of blood contain a crystalline Eulatance called 
lumiioglobin, which has tho power of taking up oxygen to 
form a body termed ixm/hcemoglobin : this is red, and gives to 
arterial blood ita characteristic colour. If the oxygen bo 
removed, the substance is transformed into the original hemio- 
globin, which is found to be purple. The absorption of oxy- 
gen is, therefore, aupposeil to take place through, tho agency 
of tite haemoglobin, which is transformed into oxyhiemoglo- 
bin, and changes in colour from purple to red in the course 
of its circulation ; a portion of the oxyhiemoglobia again 
parts with its oxygen, and becomes once more reduced to 
purple hffimoglobiji. But, as we have seen, venous or purple 
blood contains oxygen ; it should therefore contain oxyhsemo- 
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gloibiii to some extent, uid such is found to be the case. Moi*- 
crrer.irlLen tm anuiuU is asphyxiated, both tlie air in its limgsaad 
initsblcMid is devoid of osygea ; the colour of the blood ia turned 
to a full purple^ and is observod to contain only hcemoglobiiL 
"nie elimiimtion of osjgca &om oxj^hcemoglobin is only 
attended with dunge of colour from red to purple, when &o 
body effecting the expulsion does not itsflf combine with the 
hsmoglobin. Many gases haTe the power of destroying liiB 
combination, and expelling the oxygen ; and some of them, 
like carbon monoxide and nitric oxide, take the place of the 
oxygen expelled. The combination of carbon monoxide and 
hteraogliibin, termed oariori/dJuFnwglohin, is of a very bright 
rt<d colonr : blood cont^nii^ this substance has tost the power 
of tjiking up oxygen, or of becoming arterialized. It is found 
that one gram of hemoglobin absorbs eqnal volumes of oxygen, 
carbon monoxide, and nitnc oxide, vis., 1 -3 cc. The amount 
of htemoglobin in blood is not varied by going up to the top 
of a mountain, nor are the respirations in a ^ven time greatly 
increased ; provided there is enough oxygen for the purpose 
of combination, its increase or diminution exercise litlJe or no 
iiifluQOce on the economy, 

Tlie carbon dioxide in the blood is also held in a state of 
wcfik chomieal combination with the inorganic salts which it 
ttintaina. It has been shown that solutions of sodium phos- 
[ihnto ivnd carbonate have the power of taking up notable 
ciimiititicfi of carbon dioxide, and that they fail to part with 
wil» giw except under greatiy diminished pressm-e, or by iha 
itnliim of beat. The blood contains these salts, and it is found 
I'lint tlio aauie conditions are required artificially to break up 
VllP Piiiiibluation of the cai-boa dioxide in blood as in the 
■itlltUi Nulatiuni. It is not very clearly established what 
m\fim tintlirally efiecta the dissociation of the carbon dioxide : 
U lllH liflun supposed that the oomfaination of the oxygen with 
Oltl lilniii'iglolilii is attended with the liberation of carbon 
illiikMi' III Mill blood, the tension of the libei-ated gas %nthin 

lliii Idixiil iiknicdH that contained in the lungs, and accords 
ttuly 111 UNi'ii|riiii until equilibrium is established, 
^'liii viililliiu (if iiir oxpii'cd is always less than that inspired 

Kt(iiii liiilli ILI1I ili'iiiil and measured at the same temperature. 

|^|iv«'U'*"ll'''i'|{"" liithoairis not sensibly absorbed by blood, 
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I oxygen g^ves its own volume of carbon dioxide, the d&-'" 

crease must be due to the retention of the gases witliin the 
system. The quantity named is not invariable, but on the 
average does not exceed 2 or 3 per cent, of the total volume 
inspired. The temperature of the expired air dopendn of 
course on the rata and mode of breathing, and on tiie differ- 
ence in tempei-ature between the air and blood, 4c. ; in general 
it is about 33" or 34°. It is usually almost saturated with 
aqueous vapour, but during fasting the amount of moisture 
decreases. It is calculated that on the average we expire 
about half a litre of water during 24 hours. During respini- 
tion, air loses &om 1 to 5 per cent, of its oxygen, and gains 
&om 3 to 4 per cent, of carbon dioxide. 

It has already been stated that an interchange between 
the gases of the blood and of tho atmosphere takes place in 
man by means of the skin; but the amoimt of the gases thus 
exchanged is comparatively small. It is found that the 
quantity of carbon dioxide so exhaled is about 4 grams in 24 
hours. Fowls, rabbits, and dogs in like manner possess the 
power of cutaneous respiratioa. In the lower animals tie skin 
plays a very important part in respiration Fivga, which con- 
snmed '063 grama of oxygen per kilogram of weight per hour, 
consumed veiy nearly as much when their lungs were removed. 

The quantity of carbon dioxide expired is greatest at the 
end of an expiration. During a given time, and for the same 
rate of brealiing, the deeper the breath, the less is the per- 
centage of carbon dioxide in the expired air, but the gieater 
the total quantity exhaled. For a constant depth of breath, 
the quicker the rate of breathing the less is the percentage, 
but the greater the total quantity of carbon dioxide exhaleil 
(M. Foster). No absolute relation has been traced between 
the temperature of the air and the carbon dioxide evolved. 
The increased amount in winter is mainly due to the increased 
quantity of oxygen taken into the lunga at each inspiration. 
Still it would appear that the seasons havo an influence inde- 
pendently of change of temperature; tho respiratovy functions 
are most active in spring and least active in autumn. The 
amount of carbon dioxide expired decreases when tho quantity 
contained in tho gas inhaled is increased ; if the tension of 
this gas, as in a confined atmosphere, exceeds, by continued 
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breatliing, the tension of the gaa in the blooil, the carbim I 
dioside expired ig re-absorbed. During starvation the amount 
of expired carbon dioxide decreases j it gradually increaBea 

t during from one to two hours after a meaL During sleep 
the amount of carbon dioside is diminished ; this is very 
marked in the hibei'nation of animals. A hedgehog, which, 
■when awake exhaled 1-35 grams of carbon dioxide in an 
hour, produced when in a state of torpor only '006 gram 
per hour; similarly, a marmot produced I'OTfi grams when 
awafce, and only '1044 gi-aai whca torpid. 

The following table gives the amount of oxygen consumed 

I per hour per kiJogium of body-weight by various animals : — 
Sheep 0-497 grama. I Fowls ]-147BrajnB. 
Calvea, 0'480 „ Ducka, 1-850 „ 
Doga, 1'183 „ Small birds,.. H -473 „ 
Kabbits 1-714 „ | Frogs, 0-084 „ 
37. Solubility of Oxygen. — Oxygen is slightly soluble in 
water; 100 Tolumea of the liquid dissolve about 3 volumes of 
the gaa at ordinaiy teraperatui-e ; the degree of solubUity 
varies slightly with the temperature; 100 co. of water dis- 
solve 4'1 c.c. of gas at 0°, and 2'8 cc. at 20°. Small as these * 
amounts may appear, the oxygen thus dissolved is the source 

»of that required for the respiration of fishes. The breathing 
apparatus of fishes is peculiar to these animals. The water 
containing the dissolved oxygen is made to pass through the 
gills, and is thus brought in contact with a very thin ment- 
brane, round which the blood of the animal cii-culates, and 
through which the interchange of gases occurs. Some aquatic 
animals are furnished with a system of tubes or canals through 
which the water is carried to the various portions of the bodj. 



CHAPTER IV. 
The Allotropes of Htdrogeji and Ostoes. 



88, Allotropy — IsomeriBin,— In the foregoing pages 
I iave had ninny pxainplos of the modifying influence of 
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lemical action ; but hitherto we Lave conluied our atten- 
tion to tlie action exerted between the atoms of dissimilar 
elements. The instttacea already adduced may be claased 
under tbe heads — (1.) Of chemical action exerted between 
tw^ bodies to form a third substance totally differing from 
either of the colligating substances ; (2.) Of chemical action 
exerted in the formation of two or more substances by the 
r^LiTangem.ent of the atoms of a single substance ; and (3.) 
Of chemical action exerted in the interchange of the atoms 
of two or more reacting compounds. 

We haTe now to consider the effect of tie rearrangement 
of the atoms in. an elementary body. 

It is an established fact that the same elementary substance 
may be possessed of widely different properties. By the 
action of varioua forces — heat, electricity, ic.— an element, 
Buch aa hydrogen, oxygen, carbon, or phosphorus, may bo 
changed completely in physical properties, as ia colour, 
specific gravity, transparency, &c, and even in chemical 
activity, But the essential nature of the body is not altered ; 
it is still elementary j that ia, we are unable to get anything 
out of it differing from itself by any process of subtraction. 

To indicate this fact — that the same substance con occur 
endowed with permanently diffei'cnt physical properties and 
chemical activities — the tarm allotropy (from &},\ox, other ; 
and Tpoirot, mods) has been proposed ; the less frequent or 
latest discovered variety of a particular element is termed 
the aSotropic form, or modification, or the aUotrope, of that 



But this capacity for change in physical proiierties and I 
chemical activity is not confined to the elementary bodies; it J 
13 possessed also by compound substancea 

Instances are not wanting of bodies made up of the a 
elements united in the same proportion, and having idenj 
tical molecular weights, yet differing very markedly in thei*l 
chemical and physical relations. Such instances are less 
fi-equent in inorganic than in organic chemistiy, where a vety 
few element-s are found to arrange themselves in many different 
ways. Thus we know of at least three distinctly different — 
liquids possessing the formula Cj|,H„, and having the Bam 
moleculoi- weight, 13i; these ai*, strictly speaking, alloti-op« 
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II of one and tiie same body, cvmtne. It ia usually preferred, >' 
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of one and tiie same body, cyviene. It ia usually preferred, 
however, to restrict the torm aUotropy to the elements, and 
to eignify the sajne thing among compounds by the term 
isomerimt. Thus, aldehyde, CjH^O, and butyric acid, CjHgOj, 
are isomers. But, as instances multiplied, it hecame necessary 
to subdivide such bodies into two groups — (1.) Into JBomers 
of identical, and (2.) into isomers of different, molecular 
weights. The former were termed melamefra, and the latter 
pohjmera. Thus, di-ethyl-benzene, C^H, .aHj .OjHb = CjoHj^ 
and tetra-methyl-benzene, 0|;H2(CH3)^ = (S^^^■^^, are ■inetamerg 
of cymene or propyl-methyl-benzene, CdH, .CHg .O^Hj = 
CjdHj, ; wliilst tho mimerous members of the C^H^ group 
(all ha-ring the percentage composition C 85-71, H 14-39) are 
polymera oi ethene, C^Hj. 

Numerous inatanoea are known in inorganic chemistry of 
the same combination of olements crystallizing in essentially 
different forms, and possessing different specific graTities, 
colour, transparency, hardness, £c. Since these differences 
can only depend upon the rearrangement of the atoms in the 
molecule of the body, they may be said, strictly speaking, to be 
eases of isomerism. Thus, titanic oxide crystallizes in no less 
than three distinct forma — viz., asanatase (sp.gr. 3'326}, mtila 
(sp. gr. 4'249), and brookite. Mei-curio iodide separates &om 
its solutiona in the form of scarlet tablesj but when sublimed 
these become rhombic, and their colour ia changed to bright 
yellow. If these yellow crystals aro allowed to cool slowly, 
they retain their colour; but if they are touched with a gloss 
rod, they gradually become scarlet with a perceptible motion 
of their particles. Calcium carbonate crystallizes in one form 
as calcspar (sp. gr, 2-72),and in anotheraa arragonite (sp. gr. 
2'03.) A remarkable instance of isomerism ia seen in the two 
pentoxides of antimony — the one modification is sparingly 
soluble in water, and is not dissolved by ammonia water; 
the other is dissolved by both of these liquids. The salts 
formed by the two acids are alao perfectly distinct — tho com- 
pounds of the more soluble variety are crystalline, those of the 
other are gelatinous and non-crystalline ; the one closs of aoltB 
gives precipitofes with sodium compounds, the other fcnms 
no such precipitates. 

There is a remarkable distinction between tho ;" 
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of inorganic and organic chemistiy, inasmuch as the former 
fti-e mutually convertible, whereas the latter have a higher 
degree of permanence and stability. Thus, the modifications 
of the pentoxiJea of antimony, the calcium carbonates, and 
the mereui-io iodides may be respectively transformed ono 
into the other; whereas tetra-methyl-benzene and di-ethyl- 
benaene have not been found to be mutually convertible, 
or to become changed into propyl-methyl-benzene, although 
'i possible, indeed probable, that auoh changes may La 



39- Hydrog^nimu. — Many metals have the power of taking 
lip hydiwgen gas, and condensing or occludiii/i it within their. 
pores. Thus, if platinum, in the form of wire, be placed ia ' 
glazed porcelain tube, which, after being rendered vacuoua,] 
heated to redness, and a rapid stream of hydrogen {utssed over 
it, the metal will absorb a certain amount of the gas. TIjis may 
be recovered by again heating the metal in the exhausted tube, 
when, at the high temperature and diminiiihed pressure, tho 
gas will be liberated. The platinum thus treated absorbs 
about its own volume of hydrogen ; in appearance it ia not 
altered by the absorption, but after the expulsion of the gaa 
it becomes white and blistered. Copper, gold, silver, and 
iron also take up hydrogen in amount dependent on their 
condition; when finely divided their capacity is increased,. 
Iron takes up only about half its volume of hydrogf ' ' 
from certain extra-terrestrial specimens of the metal b 
as three tiroes their volume of the gaa has been obtained; 
■whence it is conjectured that these Hpecimeus have come from 
a stellar atmosphere of hydrogen denser than that of tha 
earth. 

But of all the metals hitherto tiied, palladium exhibits the 
liighest power of absorption for hydrogen. Even at ordinary 
temperatures it takes up 376 times its volume of the gaa ; at 
90° it occludes 643 volumes; at 245°, 526 volumes. When 
finely divided, it absorbs 686 volumes at 200" The absorbed 
gaa is slowly given off at ordinary temperatures, and rapidly 
at a red heat. In its condensed state tliis hydrogen appears 
to possess increased chemical activity. When the palladium 
holding it in occlusion is placed in solutions of iodine oi 
chlorine, hydriodic or hydrochloric acids are rapidly formed , 
10, — yoi* I. 9 
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if placed in BolutionB of ferric oside, a portion of the combined 
oxygen is ■withdrawn, and feirowB oxide is produced. Vana- 
dio acid dissolved iu snlpliuric acid is reduced to the state of 
vanadium dioxide. 

If the palladium be presented to the hydrogen in the moment 
ofitsliberationina chemical decomposition, the amount of tho 
gas absorbed ia largely inci-eased. Zinc immersed in diluted 
sulphuric acid, does not occlude hydrogen • but if palladium be 
placed in contact with the zinc, the former metal absorbs 
several hundred times its volume of gaa. If the palladiiuai 
be employed as the negative electrode of a battery of six 
elements of Eunsen's constmction, more than twice the 
amount of hydrogen is abaorbed than would be taken up by 
the same metal in an atmosphere of hydrogen. The hydro- 
gen thus absorbed is not given off at ordinary temperatures 
even in a vacuum, but when heated to the temperature of 
boOing water it is readily expelled. Graham, by whom these 
phenomena were investigated, considered that the hydrogen 
■was actually condensed, and that it alloyed itself with tho 
palladium to form a combination having approximately the 
formxda PdH^, analogous to the alloy we term biuss, pro- 
duced by the union of zinc and copper. Graham was led to 
believe that the hydrogen in this combination was condensed 
to the solid state and behaved like a metal, and to denote 
this modification of the element he proposed that it should he 
called hydrogenium. The alloy of hydrogenium and palla- 
dium has the same appearance as palladium. Assuming tJmt 
it exists in combination, possessing the same densit}' as in 
the free state and solid, Graham calculated, from the increase 
in volume observed to take place in the palladium after ab- 
sorbing hydrogen, that hydrogenium Lad the specific gravity 
0'733, water being 1. The tenacity of the aJloy ia slightly 
less than that of pure palladium; its power of conducting 
electricifj ia 5'99, whereas that of pure palladium is S'lO, 
when copper = 100. It ia also more magnetic than pal- 
ladium. Messrs. Wright and Roberts have, however, adduced 
important evidence on tho constitution of the occluded hydro- 
gen, which seems to throw doubt upon the chemical nature 
of the combination with the palhulium. 

In many of its chemical relations hydrogen exhibits very 



danalo^ea to the metals, and it lias been often con- 

Jfitkred that when liquefied or Bolidified it would exhibit the 
juffiical cliuractera of a mettil. Thei'e is noUiing extravagant 
uitliQsuppo^tion that a metal maybe gaseous under ordinary 
Moiiitions when in the free state : mercury itself is continu- 
^7 giving off vapour at all temperatures, and this gaacouB 
mercury is affected by the circumstances of temperature and 
pi'esBiu^ esoctly like a true gas. But hydrogen, as pointed 
otlt by Henry Watts, exhibits other analogies scarcely less 
luarked tlian those of a metaL Thus, in the free state it may 
be agsumed to be the starting point of a large and important 
class of organic conipotmda teimed the paraffins ; thus — 
H-H,H-CH3,H-C^„H-CaH7,H-CH, H-Cn„; 

and from this relation we might with equal reason suppoM< 
that, if hydrogen were liquified or solidified, it would have th0< 
appearance of a transparent, colourless liquid, or of a Bolid^,' 
translucent, waxy-lookmg substance. 

40. Ozone. — It has long been known that when an electrioal 
machine is in full opei-ation, a. peculiar smell may be noticed in 
ite immediate vicinity. This smell la due to the action of the 
silent electrical discharge upon the oxygen of the air, where- 
in it becomes transformed into an allotropic modiiication, to 
which, by reason of its peculiar odour, the nam 
f£(u>, fo smell) has been given. Ton Marum first showed that 
it was the oxygen, and not any other principle ii 
which was acted upon by the silent discharge. By pnssii^f 
a series of discbarges tbrough pure oxygen he was able to' 
give to tliat gas the pecidiar odour noticed on working tlis^ 
eleetrical marfiine. The same body is produced during any 
manifestation of free electricity in the ah: Its i-omai-kable 
HBiell has frequently been observed after a succession of light- 
ning flashes. 

The first exact study of this body was made by Schonbein, 
in 1840 ; to him is due the name by which it is now known* 
He showed that it might be produced by a variety of methodsf' 
some of them purely chemical. Thus, if a piece of phos* 
phorus lie suspended in a jar of air containing a little water, 
BO that it is partially immersed in the liquid, the air acquires 
thi! same odour qa it obtains ia tho idciuity of the electricftl 
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machme. The &ir is now found to possess increased cbemical 
energy ; it attacks mercury, and liberates iodine from potas- 
Biuui iodide. Tiiia last reaction may be employed as a, con- 
venient method of detecting the presence of ozone, particularly 
if the potassium iodide be mixed with starch, with which the 
liberated iodine Las tbe power to form a combination of sm. 
intensely blue colour. " The stick of phosphorus should be 
clean and freshly scraped, and tho vessel should be rinsed 
out by a little warm water before its introduction. Tho 
phosphorus should not remain longer thaa an hour in the 
vessel, othersrise the amount of ozone will graduaUy diminish. 
On moistening a piece of paper with the mixed solutions 
of starch and potassium, iodide and inserting it in the jar, the 
presence of ozone will be rendered manifest by the liberation 
of the iodine and the formation of the blue iodide of starch. 

The oxygen evolved in the electrolytic decomposition 
of water (vide infra) contains oaone. Ozone may also 
be obtained by the action of strong sulphuric acid 
ujiou barium peroxide, aad it is said tu be pi-oduced in 
tho slow combustion of air and 
ether vapour. If a few di-ops yf 
\ ether be poured into a large beaker, 
1 and strips of iodized starch paper 
\ and blue litmus paper be sus- 
* pended within the vessel, oa 
pluagiug a heated glass rod into 
the atmosphere of vapour and air, 
oxidation of the ether is set up, 
and an acid body and ozone will 
|je formed, whereby the litmus 
paper will be reddened, and the 
idciized paper rendered blue. (Fig, 
^1.) 

Ozone is produced in comparatively hu^ quantity by the 
action of electrical dischai-gea upon oxygen. The silent dis- 
charge is far more effective in biinging about the trans- 
formation than the spark dischai^e. The instrument repre- 
sented in fig. 35 is weU adapted to the production of ozone 
from oxygen. It consists of a glass tube, coated internally 
■with tin foil, and placed in an outei- tube, the outside of 






I w also coated ■with tin foil, 
placed in connection ^■ith the wires i 
if the side-tube, c, be connected with 



These coatings 
■om an induction coil ; 
gasometer contai 




Pig. 35. _ 

air or oxygen, and the gaa be driven between the tubea, 
on passing the discharge, it will be found to be strongly 
ozonized as it leaves the exit tube, d. If a piece of glass 
tubing be pushed over d,. and heated by a. lamp, the i>^'^n^Tlg 
gaa ■will no longer give the reactions of ozone, showing 
iL&t at a high temperature this body is destroyed. The 
cxperiiaentB of Andre'WB and Tait have shown tliat a tem- 
perature of 250''~300° is sufficient to reconvert ozone into 
ordinary oxygen. This explains why the silent discharge is 
more efficacious in converting oxygen into ozone than the 
disruptive discharge ; the high temperature of the spark 
tends te destroy the ozone as fast as it is produced. 

Instead of the apparatus above described (kno-wn aa 
Siemen's induction tube), the simple arrangement seen in 
6 may be employed. It consists of a piece of glass 
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tube, along the length of which is a platintmi wire passing 
out through the caoutehouc tubing fixed to the end ; on the 
outside of the tube is coiled a similar piece of platinum wire ; 
when the two wires are placed in connection ■with a Ruhm- 
korffa coil, a slow stream of oxygen passed into the tube 
will become strongly charged ■with ozone. As much as from 
60 to 120 milligrams of ozone per li^b-e of oxygen may be 
obtained in this manner. Electrolytic oxygen contains only 
from 3 to 6 milligrams, and the gns irom barium peroxide 
and sulphuric acid only about 10 milligrams per litre. 

Ozone is oxygen in a, condensed condition. If a quantity 
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of pare diy oxygen be submitted to the dlent dischai^ it 
is found to contract in. volume ; but, on being Lca'ted to 300', 
it recovers its original bulk. This alternate contraction by 
tke discharge and eiqianBion on heating CEin be repeated 
indefinitely. If, after contraction, the gas be brought into 
contact yn^ potassium iodide, tiie ozone is destroyed. The 
bulk of the gas, ho'wever, remtuns unaltered, but it no longer 
expands on being heated to its original volume — that is to say, 
the oxygen, absorbed by the reagent, occupies no bulk of the 
ozonized gas, as its removal does not diioinish that bulk. 
On examining the solution of potassium iodide, it is found 
that tte amount of the iodine liberated corresponds exactly 
to the oxygen which has suffered condensation. Mercuiy, 
on agitation with ozone, destroys that body; but the bulk of 
the ordinary osygen formed is identical with that of the 
ozonized gaa. These resulte may be explained on the sup- 
position that, in contracting to ozone, 3 volumes of oxygen 
become 2 volumes, and that, on absorbing one-third of the 
combined oxygen by mercury or pota^um iodide, the 
remaining two-thirda expand to their original bulk, ot 2 
volumes. Thus— 

2 vols. S toIb. 



loo) 1- Bj = HeO +: (£^ . H 

Ozotte. Oiygea. 

Ozone, therefore, must have 1^ times the density of oxygen; 
1 litre, under the standard conditions of temperature and 
pressure, must weigh 2i criths or 2'15 grams. Observations 
on the difiusihility of ozone have established thia conclusion.* 

• We have eeca that tlia rnpidity with which a gaa is tronBlated 
Tnries iu the inverao ratio of the BC[uare root of ita donsity. Sinca 
tJZi = 4-899 and hydrogen movoa with a mean velocity of 1,844 
ntetreB per aeoond, it would follow that the ozone molecule should 
move with a mean vclooity of 376 metres pnr second. Since Om 
oxygon and nitrogoo molecnlea more with a mean velocity of 461 and 
492 metrefl per Bocond, it might be poasible to cnnoontrate Uie OKono 
in on ozoolzed alJuoEipbere by some pruceaa uf atmolyaie. 
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Ozone ia produced in cases of rapid as well as of slow 
Gombustioii. The combuBtioii of all substances containing 
Lydrogen in the air, or in oxygen, appears to generate ozone: 
thus, it is found surrounding the flames of hydrogen, alcohul, 
candles, coal-gas, ic. If a very narrow tube be presented 
to l^e lower edge of the flame of a Bonsen lamp, a gentU 
current of air aspirated through it will give all the reactions 
of ozone. Ozone is also formed when a strong curruit of 
air is blown through the upper portion of the flame. It ia 
not formed during the combustion of carbon. The forma- 
tion of ozone by the combustion of hydrogen in air may bo 
accoimted for on the suppoeition that the molecule of 
hydrogen separatee the two atoms of the molecule of oxygen, 
one of which unites with the hydrogen to form water, whilst 
the other unites with another molecule of oxygen ta form 
ozone (Than)- 

H, + 0, = HjO + 0, and + 0, = Oj. 
"So ozone is foimed in tho combustion of carbon, for thd' 
reason that tho combination of the combustible with the 
oxygen takes place by whole molecules of the gaa. 

Ozone displays a great tendency to throw off one of its 
atoms of oxygen, and to pass into the state of a molecule of 
the ordinary gas. By reason of the ease with which this is 
accomplished, it manifests very energetic oxidizing powers. 
It rapidly acta upon organic matter, corrodes caoutchouCj 
bleaohee vegetable colours, and converts indigo into the colour- 
less isatin. It oxidizes lead sulphide to lead sulphate, and 
converts the yellow potassium ferrocyanide into the red ferrid- 
(^aniide. Many metals, whose oxides are only formed with 
difBculty, are readily oxidized by ozone. Tliiis, vnoisl silver ia 
converted into a peroxide. Many peroxides destroy ozone ; in 
some cases these peroxides are partially reduced by tho ozone I 
thoE, barium peroxide, brought into an atmosphere containing 
ozone, ia speedily reduced to the state of monoxido, whilst th« 
ozone ia converted into ordinary oxygen — 

BaO, + 0, = EaO + 20,. 
Ozone is rapidly destroyed by dry cupric oxide and mangaueSS 
dioxide, but these substances experience no alteration. These 
catalytic actions are explained on the aBsiimption that auccea- 
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Bive or aimultaneoua oxidations and reductions occur. Finely 
divided silver when dry also decomposes ozone in the Game 
manner — 

■Ag, + O, = Ag,0 H 
AgjO + O3 = Ag -t 
Ozone ia very slightly soluble in water at low temperati 
1,000 c.c absorb about 4-6 c.c of the gas (Carius). 
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Hydroqen and oxygen comhine together to form two 
pounds, viz : — 

(1) nvDBoOKN MosoxmE, OH Watsk, Symbol H,0 ; Mol. Whqhi 
18 ; Dbnsity 9. 

(2) Htoboqbn Dioxide, Symbol HjOj; Mol. Wbioet34. 

41. Composition of Water.— We have nlready observed 
that hyilrogen, or substances containing hydrogen, such as > 
jjaraSin candle, when burning in the air produce water; and 
we have also explained that the explosion caused by inflam- 
ing a mixture of oxygen and hydrogen is due to the rapidity 
and energy of the combination of these gitaes. When either 
of the gases is present in large excess, or when they are mixed 
with an inactive gas, such as nitrogen, the noise of the ex- 
plosioa is considerably diminished. Thus, the detonation 
produced by air and hydrogen is much less than that obtained 
from oxygen and hydrogen when mixed in certain propor- 
tions. In determining the exact proportions of the oxygen 
and hydrogen required to produce the greatest weight of 
water by explosion, Cavendish established, first, tlie compound 
nature of water; and, secondly, the relative proportions of 
its constituents. After innumerable trials, he found that Uie 
greutost weight of water from a given vohime of the mixed 
giwcs, was produced when the oxygen and hydrogen were 
pivsont in the proportion of one volume of the former to 
two volumes of the latter, ■ 
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In order to determine the exact nature of tbe substance pro- 
duced by the explosion, he made a mixture of the gasea in the 
proportions of two volumes of hydrogen to one of oxygen in 
the graduated bell jar A, which waa furnished with a Btoi>cock, 
and stood in the pneumatic trough. (Fig. 37.) On to this 
stopcock he screwed a perfectly dry glass vessel, somewhnt re- 
seiahling that marked B in the figure ; this alao was furnished 
with a stopcock, and waa evacuated by the air-pump, On 
opening the two stopcocks the mixed gasea rushed into tho 
empty vessel B, and, of courae, the water rose proportionately 
in A. The stopcocks were again turned, and by meana of 
twowirea fastened into the top 
of B, an electric spark was 
passed into the midst of the 
gases, whereby they were in- 
stantly exploded. On ogiiia 
opening the stopcocks afurthei 
quantity of the mixed gases 
rushed into B, showingthattho 
act of combination waa attend- 
ed with a great condensation 
inthe bulk of the gases. Aftei' 
again shutting off the stop- J^S 
cocks the spark was again pass- 
ed, whereby the gases w 
again combined. It had been 
previonalynotiocd, and Caven- 
dish confii-med the observation, that tho sides of the v 
which these explosions had occurred were bedewed with 
moisture, and that, as the explosions were rei>catcd, thn 
quantity of tins moisture increased. Tlii.'i moisture he found 
to be j>ui-e water, and hence ho deduced the conclusion that 
■water ia a compound substance. 

By meana of the arrangement seen in fig. 38, the fact 
that water is composed of oxygen and hydrogen, in the pro- 
portion of one volume of the foi-mer to two volumes of the 
latter, can be demonstrated in a more refined manner. Tlia 
long and accurately divided tube a, called a eudiometer, 
is filled with mercury, and inverted in a cistern of the same 
metaL A quantity of pure hydrogen ia then passed up into 
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tlietabe, and ita volume is accurately determiiied. 
that the voUimea of gaaea Jaity be truly comparablt 
require to know the temperature and pressure under ■which 
thoy exist. Accordingly, at the same time that wo read off the j 
height of the mercury withia 
the eudiometer, we also ascer- 
tajn — (1) the temperature of 
the air, t, (and tJierefore of 
the gas within the eudiometer) ; 
and (3) the atmospheric prea- 
sure, H, from the barometer, . 
The height of the barometer, 
however, does not direotly 
give ua the preeaure to whi^ 
the gas in tixB eudiometer is 
Gubject. Ifwe were to sink Ute 
eudiometer in the mercury 
trough until the levels of tbe 
-""-^rj- metal within and without the 
tubewere coincident, we ahoTild 
notice that the volume of the 
'"iL^ ■''S' gas would decrease. Under 

llicso comliLioiis only would the gaa within the eudiometer be 
underthebarometriopressureat the time of observation. When 
placed as in the figure, the confined gas is under diminished 
pressure, diminished by the height of the mercury colnisn 
(7i) above the level of the mercury in the trough, which tends 
to counterbalance the atmospheric pressure. The true pree- 
aure to which the gaa is subject is therefore P = H — A, In 
order to facilitate the determination of h, the graduation on 
the tube w in milhmetres. The temperature and volume 
of the confined gas are most accurately ascertained by 
the aid of a telescope placed at such a distance &om 
the eudiometer that the heat of the body can exercise no 
disturbing influence. The confined volume of gaa, V, must 
now be reduced to that which it would occupy under the stand- 
ard conditions of temi>orature and pressure. The standard of 
temperature is 0°, that of pressure may be 1 metve of mercniy, 
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A quaatit; of pure oxygen is next prtss^l up into tlie 
eudiometer, and the total volume of the mixed gases is again 
detenoLned with all the ahove-mentioned precautions, and re- 
duced to the standard conditions of temperature and pressure. 
The volume of the oxygen added is foimd by fiubtmcting that 
of the hydrogen from the total volume of the mixed gases. 
l^e tube is now firmly iastened down against the bottom of 
the trough, and a qiark from a Leyden jar or RtilimkorfFvoil 
is passed into the midst of the gases by means of the platinum 
wires fused through the top of the eudiometer. A bright 
flash is Been to descend through the length of the tube, and, 
on releasing it from the bottom of the trough, the mercury 
rushes up to occupy the space of the combined gases. The 
volume of the condensed water is almost inappreciabl& — it 
occupies only about l-2000th part of the mixed gases. The 
amount of the residual gas is again determined and reduced 
to 0° and 1 metre pressure, and its nature ascertained by 
inTerfdng the tube and plunging a lighted taper into it. The 
volume of the residual gas, subtracted fi-om the original 
amount of that gas, gives the quantity which has combined 
with the other gaa to form water. 

An example may render the process of calculation more 

1, Determination of volume of hydrogen — ^ 



I 



Observed volume, e 300 meMmes. I 

Teniperatnre, 10° C. 

Barometer, 0'76B m. 

Height of merciu-y colimm in eudiometer, 0'400 m. 

vol. of hydrogen t _ 300 (0'765 - O'-IOO) ,-, . 



Determination of volume of hydrogen H 

Observed volume, 460 

Temperature (fl, 10'2° C. 

Barometer (H), 0-760] 

Height of mercury column (A}, O'SO n 

o! iDi,=d gMO. ,1 0- C. imd 1 m. 'Y^^mi^l ' ^'"'^ 
2427 - 105* = 1371 volt of oijgon at 0° C. and 1 ra. 



>^H 



INOROANIC CnElIISTRT. 



3. Detenolnation of rolame of residual gas— 

Obaerred rolume, 2Sl'0lQen 

Temperature 10, 10° 

Barometer (H), 0'7G m. 

Uoigbt of marcurj column (A) 0'45 m. 

Volume at 0' C. and 1 m. = , „' 



ircl. ^^^1 



The residual gas was found to be oxygen. Accordingly, 
137-1 — 84'3 — 52'8 volumea of oxygen have combined witii 
105'6 volumea of hydvogen, or one volume of oxygen witb 
two volumes of hydrogen, to form water. 

It is important to ascertain the degree of condensation 
which the mixed gaaea experience in combining together to 




Fig, 33. 1 ,g 40 

form the molecule of water. For tlu^ purjKise it is nece^ary 

to compare the volume of the molecules before und after 

combination under identical conditions, and at a tcmperatore 
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at which the water is in the state of a true goB. Tha 
arrangement represented in fig. 39 may be employed to deter- 
mine this point. 

Into the open ends ef the ii'on U tuhe, a (sueh as is used 
to connect parallel Et^am-pipcs), are litted, by means of 
caoutchouc corks, two glass tubes, one of which is dosed at 
the end, and iumished with two platinum wires mclt«d into 
the glass. The iron U tube is atteched to a heavy foot, and 
is provided with a side tube, which can be closed by a clam[) 
compressing a short piece of attached caoutchouc tubing. Tlio 
sealed tube is auiTounded by a wider tube, open at the 
bottom and. closed at the top with a caoutchouc cork ; the 
bottom of the wide tube slips over the cofk by which tlio 
sealed tube is fixed into the iron U tube. The upper cork is 
furnished with a tub© leading to a flask containing amyl 
alcohol, which boUsat 132°. A Btream of the alcohol vapour 
is sent through the wide tube, and passes out through tha 
Bide-tube at the bottom, into a condensing arrangement (not 
shown in full in the figure), in which it is again rendered 
liquid. The U tube and the sealed limb are completely filled 
with raercuiy, and a mixture of two volumes of hydrogen and 
one volume of oxygen (obtained by the electi-olysia of water) 
is passed up into the sealed limb. Fig. 40 shows the method 
by which this is accomplished.* The open tube is again finuly 
fixed in its place, partially filled with mercury, and lieated to 
133* by passing the vapour of the boiling amyl alcohol 
through the wide tube; as soon as protracted boiling 
&ils to increase the hulk of the gases, the levels of the mercury 
in the two limbs of the eudiometer are brought into coin- 
cidence by pouring more of the metal into the open limb, 
or by with(frawing some, if need be, hy means of the side- 
tube and clamp. A thin caoutchouc band is tlien shpped 
over the outer tube to mark the volume of the heated gHaes, 
and a little more mercury is poured into the open limb, 
which is now securely closed hy a caoutchouc cork. A sijark 
from an induction coil is then caused to pass between the 
■(rirea of the eudiometer, when the mixed gases combme with 
a explosion, the violence of which, however, is modified by 
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the elasticity of the columii of air confinod between tl 
aad mercury. At the tempeiatare of 133°, the water pro- 
duced by the uuiun of the gases retains the gaseous condi- 
tion. On withdrawing the cwrk, and fJlowing the mercury 
to Sow ont &oin the side tube 
until the levels of the metal 
in the limbs are again coin- 
cident, it is seen that the gfkses 
have contracted through one-third 
of their original bulk ; in other 
words, three volumes of the 
mixed gases, made up of two 
volumes of hydrogen and one 
volume of oxygen, have combined 
together to form two volumes 
of steam. On removing the liunji 
from under the flask, the amyl 
alcliohol ceases to boil, the steam 
coola down, and condenses to 
water. 

We have thus effected the 
s3fnthe3ia of water by volume : 
we now proceed to determine 
by auiilysis the volume-ratios of 
i^ constituents. This analysis 
ia moat conveniently effected by 
the electrolytic decomposition rf 
the liquid. If water be ai^dided 
with a small quantity of eul- 
phuria aoiJ, so as to increase 
its conductivity, on immersing 
_ = in it the electrodes of a suffi- 
^^^- cieutly powerful batteiy-combin- 
"ation, gaa bubbles will make 
their itppearance on both plates, 
Fig. 41. The apparatus represented in 

fig, 41 may be conveniently employed to render this 
decomposition evident. The tubes A and B are fur- 
nished with stopcocks, and are connected together at the 
bottom. At their juncture is a aide-tube, E, su]>j)oi-tiiig s 




^H COMPOSITION OP WATER. fj^M 

long tube termumting in a large bulb, D. Through each of 
the tubea passes a platinum mro ciuTjiiig a piece of platinum 
foil. Acidulated water is poui'ed through D, and the cocks 
of A and B ore opened until the tubes are completely fillecL 
The stopcocks are then turned, and Uio electrodes connected 
with the wires of half a dozen cells of Grove's construction. 
Tho water is rapidly decomjiosed, and the evolved gaa dis- 
places the remainder of the liquid, driving it back into the 
lube D. In a very few minutes it is seen that a greater 
volume of gas is evolved fi'om one pole than &om the other, 
and on examination it is evident tJiat the larger quantity comes 
fivm the negative or zinc polo. As soon as a sufficient 
quantity of gas bos been evolved from both poles to admit of 
accurate measurement, it is seen that the gas from the ncga^ 
tive pole occupies rather more than twice the bulk of that 
from the positive pole. On cautiously opening the cocks, the 
gases may be driven out through the jets, since they are 
under the pressure of the column of water in D ; if a taper 
be brought to the mouth of the tube containing the gnfi irora 
the negative pole, tho gas will inflame : it is hydrogen. If 
the taper be brought to the mouth of the other tube contain- 
ing the gas from the positive pole, the issuing gas will cause 
a more rapid combustion of tho taper, showing that it is 
oxygen. It will be observed that the volume of the oxygen 
is Elightlij less than half that of the hydro- 
gen. The diflerence is attributable t^ the 
greater solubility of oxygen, and to the'^ 
fact that a portion of this gas is con- , 
Tertedinto ozone, whereby three volumes J 
of oxygen become bound up in the space of | 
two volumes. The presence of this " 
ozone may bo readily recognized by 
allowing the gas to impinge upon \ 
moistened strip of iodized starch paper, .| 
which will be rendered blue. When duu =}■ 
allowance is made for the cause of the "-'- — _ 
slight divergence, it is evident that its I'iy- ■^• 

dectrolysis shows that water is made up of hydrogen and 
oxygen in the proportion of two volumes of the one to one 
volume of the other. The apparatus seen in £g. 4:3 serves 
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to collect tLe gases mixed 
this proportion; the electrodes 
are placed togetli 
vessel containing the acidulated 
water, and the electrolytic gas 
is evolved through the bent 
delivery tube. 

Since oxygen has been foaod 
to be sixteen times heavierthaa 
hydrogen, it follows that theea 
gases must be present in water 
in the propoition of sixteen. 
parts by weight of oxygen to 
two pai-ta by weight of hydrogen. 
It is desirable, however, that 
we should have the means 
of coiitrolling this result, which, 
it will be remembered, has 
been deduced irom our know- 
ledge oi the volume-weights of 
the two gases and the volume- 
ratios in which they combine 
Many oxides — for example, cop- 
per oxide — when heoted in 
hydrogen are reduced; their 
oxygen combines with the hy- 
drogen to form water. If wa 
determine the loss of weight 
expeiienced by the oside, and 
weigh the water produced, yn 
possess all the data required 
to determine the ratios by 
weight in which the two gasea 
exist in water. The loss of 
weight suffei-ed by the oxide 
gives the amount of oxygen; 
this weight subtracted &om 
that of the water gives the 
amount of hydrogen. This 
synthetical me^od of determin- 
ing the composition of wftbgr 
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^^y weiglit was originally proposed and carried out by Dulong ^^^ 



^ul Serzelius, and was subiiequeatly employed for the same 
purpose by Duniaa aud Boussingault. Fig. 43 represents tlie 
arrangement of the apparatus employed by these cbemists, 
The hydi-ogen was generated from zinc and dilute sniphuric 
acid, and was purified by passing through a Hystcm of U tuU« 
containing various absorbent mateviala ; the last four tuhos 
contained calcium chloride, to absorb any accompanying 
moisture; the tei-nijnal one was weighed before Eind after the 
experiment to demonstrate that the hydrogen was perfestly 
dry. Pure and dry hydrogen was thus driven into the bulb 
A, containing a weighed amount of cupric oxide in. fine 
powder. On heating the oxide in the gas, water was formed, 
the greater portion of which was condensed in the vessel B, 
the last traces of moisture, canied away by the excess of 
hydrogen, being absorbed in the second aeries of U tubes 
containing calcium chloride ; their increase in weight, deter- 
mined by weighing them before and after the experiment, 
gave the amount of absorbed moisture. This weight, added 
to that of the bulb B, gave the total weight of water formed ; 
the decrease of the weight of A, as detemiiued by weighing 
it at the tcrminatioD of the experiment, indicated the amount 
of oxygen in this water, the difference of coui'se being tbo 
hydrogen. In an actual determination, Dumas and Boua- 
singault found that a certain quantity of copper oxide heated 
in hydrogen lost 59-78!) grams of oxygen, and yielded 67282 
grama of water. Heaco 67-263 - 59-789 = 7'493 grams. 
Accordingly the I'elation of the weight of the osygen to that 
of the hydrogen is as 59-789 to 7-493, or expressed cen- 
tesimally it is as 88-73 to 11'27. By taking the average of 
a great number of experiments, in which, as a rule, far 
larger quantities of water were obtained, it was found that 
tie actual percentage composition by weight of water was — 

Oiygen 8SS9 or 10. 

Hyi&osen 11 '11 or 2. 

100-00 
The difference between the ntmihers obtained from the 
result of the experiment quoted and those given aa i 
average number of all the expei-iuients, is due to unavc 
10,— ¥0i. U 
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able errors ofexperimeiii; provided tJiat tLe cxpenments an 
(lone with due care, tlieee errc'ta may be eliminated by taking 
the mean result of a large number of obaervations. 

4S. The Ozyhydrogen Flame. — It has aU-eody been Btated 
that the combination of oxygen and hydrogen is attended 
with the production of much heat. By bringing a jet of 
oxygon witldn a flame of hydrogen a very intense heat 
(calculated to be about 2,800°) may be produced. The flame 
of tlio mixed gas is very slightly luminous ; but, if projected 
on a piece of lime, it raises the temperature of that earth to 
■wbitenesa ; iron wire or a 
watch spring bum with 
biilliant scintillations j a 
piece of platinum, which 
is one of the most infu- 
sible metals, may be readily 
liquefied; and silver may 
even be made to boil and 
to distil by the heat of the 
flame. The intense heat 
of the combination is turn- 
ed to useful account in 
smelting refractory sub- 
!v!:mces, or in fusing metnls 
lil;Q platinum, which re- 
ijivire a very high t«ropen»- 
lure to bring about thdr 
liquefaction. Kg. 4t re- 
presents a vaiiety of furnace 
employed for such purposes, 
m ade of bl oeks of well-bnmt 
lime ; the metal to be fused 
is placed in a crucible of 

, . another cindble made of 

lime; tlia gases are forced from separate gwometera into two 
concentric copper tubes, the hydrogen being delivered into 
the outer, tlio oxygen into the inner one. 

43. PropertieB of Water.— Pure water is a tisteles*, 
odourless liquid, poaaossing, when viewed in bulk, a slight 
bluish-groon oolout This colour is well seen in many deef 
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lakeB, and may readily be obBerved by looking at a Ehlniiig 
wMte object through a coliimn of distilled water about 2 
metres in length, contained in a tube with blnclcened eides. 
Water is about 770 times denser than air. It is abnoat in- 
compressible j tinder an additional atmosphere 1,000,000 
volumes of water become lessened by about 50 voluiiiea. 
Water is a very bad conductor of heat. If a piece of ice, 
wrapped in wire gauze, is dropped into a test-tube containing 
a qnitntity of ice-cold water, the liquid may be heated to the 
boiling point at the surface before the ice at the bottom ia 
appreciably melted. 

a. Furificatioa of Water by Dietillation. — Absolutelj 
pure water is seldom, if ever, found in nature. The wai 
required for chemical purposes in generid requires to 
purified by distillation. This operation consists in vnpoi-i 
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ing the wntcr, and condensing the steam; the solid impnridi 
are left behind in the evaporating vessel. (I"ig- 45.) 

46. Pnrifleation of Water by Filtration.— Water may ba 
freed from suspended matter by filtration — that is, by allow- 
ing it to percolate through some medinm, of wliich the 
pores are sufficiently fine to arrest the solid matter with- J 
out interfering with the movement of the liquid. la thftfl 
laboratoiy, filtration is usually effected" through calico < 
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d pap«r. Tlie paper is folded and placed in & glass or 
porcolam funnel, inCo which the turbid liquid is poured. 
The rapidity with which the liquid filters is dependent on 
the difference between the pressure eserted on its upper and 
lower Burfiicea. By increasing the pressure on the upper 
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Burface, or diminisliing that on the lower, we proportionatelf 
inci'ease the I'apidity with which the liquid passes thrtmgh 
the niter. Fig 46 represents a simple ap[]aratu8 by whiieh 
this dilTerence in pressure may readily be brought abouL 
A A is a brass tuba about 1 metre in length, and fiuiu 8 to 
10 millimetres in 'diainctei', to tho side of which is affixed 
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^TTtnde-tube, E, aliout 1 centimetre in lengti. The upper enil ^^^^ 



of the vertical tube A is cut obliquely, and is connected by 
means of a. strong but sufficiently clastic caoutchouc tube, 
with the stopcock C, in connection with the water supply. 
A Bunsen valve is fitted into the side-tube — that is, the 
caoutchouc tube a is stopped at the upper end with a Bbort 
piece of glass rod, and cut along its length near the end by a 
smart blow from a chisel. The edges of the slit are thus 
left sharp, and on applying any outward pressure to the tube 
they readily adhere, making a perfectly air-tight conjunction. 
This valve is within the tube B, into which the caoulchouo 
tube fits perfectly air-tight The other end of the tube is 
connected with a flask to receive the filtered liquid. A 
caoutchouc cork, pierced with two holes, fits into the neck of 
the flask ; through one of the holes the stem of the funnel 
containing the filter paper is inserted, tlirough the other 
ft glass tube bent at right angles, to which the tube e, li 
ing to the intermediate vessel, is attached. On allowing 
water from the main to flow through the vertical tube, 
caoutchouc tube commoncea to pulsate rapidly as it falls over 
the upper edge of the tube A, and periodically closes the 
opening. The Bunsen valve intermittently opens and shuts, 
and rapid suction is set up, and it is easy to diminish tbe 
pressure within the flask to within one-twentiet!i of its original 
amount A manometer, M, is fixed to B : this allows tho 
degree of eshaustiou to be immediately ascertained from the 
position of the mercury along the graduated scale. The 
inteiinediato vesse!, II, allows of the simultaneous exhaustion 
of a number of filter fiosks. Tlie rapidity of the filtration 
may be regulated by the aci-ew clamps on the tubes e e. 

On the large scale, a3 in the purification of water for the 
supply of a town, it is filtered through beds of eaud and 
gravel, aiTanged in the following order of descent — fina 
sand; coarser sand; Bhella; fine gravel , coai-so gra\(I In 
Bome works the layera of the filtering substances ate placed 
not uniformly fiat, but are disposed in wa^is, and at the 
lowest point of each wave is placed an eirthtnware pipe 
which conducts away the water to the mains for distribution. 
The upper layer of sand requires frequent renewal, but 
main portion of the filter may be used for many years. 
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46. Solution. — No neutval liquid Burpaasea water 
Bolvent action, that is, in ita power of liquefying aoHd or 
gaseous bodies brought into contact with it, so tliat their 
particles become uniformly diffused through it, without ten- 
dency to separate out again on standing. 

In chemical terminology, the liquid absorbing or liquefying 
the gaa or Bolid is called the solvent, or, occasionally, the 
memlruwm. The process of absorption or liquefaction, and 
aJao the product of the process, is termed a solution. 

In speaking of the mutual action of liquids, it is usual to 
restrict tlie term solution to cases of partiid miscibility; thus, 
if we agitate ether and water togeUier, the two liquids do 
lot, so to say, become intimately blended and lose themselveB 
n each other : on allowing the agitated liquid to stand at 
rest, the gi'oater number of the ether globules run together 
and riao to the surface of the water. 

On examining the supeiaiatent ether, however, it will be 
found to contain a notable amount of invisible or dissolved 
■water ; whilst the water on which it swims has taken up a 
oonsiderable quantity of ether. The lower liquid would be 
termed an aqueous solution of ether; the upper one an 
etherial solution of water. 

Taking water aa the typical liquid, we will now proceed 
to the consideration of the laws regulating the solution, of 
gases and solids. 

47. Absorption of Gases. — The various gases are all more 
or less soluble in water. The amount of any gas taken up 

• by water (or by any other liquid on which that gas exerts 
I no chemical action) is dependent — (1.) On the specific nature 

of the gaa; (2.) On the temperatui-e of the liquid; and, (3.) 
r On the pi-esHure under which the absorption is effected. 
I (1.) Water, as we have already seen, dissolves at 0° 0. l-S 

■volumes of hydrogen and 4'1 volumes of oxygen per cent. 
I This proves tiiat the amount of gas absorbed by the liquid 
f ■varies ■with the nature of the gas. These gases are amcmg 
I the most insoluble in water: 100 volumes of water at (P 
L absorb 179'7 volumes of carbon dioxide, and upwards of 
i 114,900 volumes of ammonia gas, 

I (2.) As a rule, we find that tlie volume of the gas absorI)ed 
[. by water decreases \vith its increase of temperature. Thus, It 
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was stated ih&t, whereas 100 yolumes of water at 0° dissolved 
4'1 volumes of oxygen, the same volume of water at 20° absorbs 
only 2*8 volumes. Thus, too, whilst 100 volumes of water 
at 0° absorb about 114,900 volumes of ammonia gas, they 
only absorb 69,060 volumes at 20°. We have an exception 
to this law in the case of hydrogen, which is dissolved to the 
extent of 1'93 volumes per cent, of water at all temperatures 
between 0° and 25°. 

(3.) The relation between the voltmie of a gas absorbed by 
water and the pressure imder which the absorption occurs 
admits of a very simple expression. The volume of tlie gas 
absorbed varies directly vnth the pressure. This law was 
enunciated by its discover, William Hemy, in these words : 
" Under equal circumstances of temperature, water takes up 
in all cases the same volv/me of condensed gas as of gas under 
ordinary pressure. But as the spaces occupied by every gas 
are inversely as the compressing force, it follows that water 
takes up of gas condensed by one, two, or more additional 
atmospheres, a quantity which, ordinarily compressed, would 
be equal to twice, thrice, and so on, the volume absorbed 
under the common pressure of the atmosphere." 

The pressure exerted by a mixture of gases is equal to the 
aggregate effect of the impacts of its constituent molecules. 
If the mixture contains equal volumes of two gases, A and 
B, the effect of A's molecules will be half of that of A^ B. 
But since the amount of gas absorbed varies with the effect 
exerted by the molecules, or, in other words, varies with the 
pressure Tinder which the absorption is effected, it follows that 
the amount of A actually absorbed from the mixture can only 
be half of that which would have been absorbed if the entire 
pressure had been exerted by A. And what is true of A is 
equally true of B : by parity of reasoning it can be shown 
that it must be true of a mixtiu'e containing any number of 
gases. 

The amoTint of each gas absorbed by water from a mixture 
is solely dependent upon the individual pressure exerted by 
that gas. This law, regulating the absorption of mixed gases 
by water, was first stated by Dalton ; it is known as the law 
of "partial pressures." Dalton fui-ther showed that the 
limit to the absorptive action of water on a gas is gained 
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vlion the tensions of the gaa -within and without the 3i ^ 
are in. equilibrium. This means that the amount of gaa in 
the liquid at any two givou moments, under these conditions, 
is the samo, for the molecules within the liquid are not 
quiescent, a constant interchange is going on from gas to 
liquid, and fnsui liquid to gas. That this ia the case may be 
proved hy placing tlie liquid 
in a giweoua atmosphere of 
another kind, when it will he 
found that the latter gas rapidly 
finds its way into the water, 
whilst the one previously ab- 
sorbed may be detected in the 
atmosphere above. 

Dalton'a explanation of Uie 
process of solution failed, how- 
ever, to account for the fact 
that the varioua guses, whose 
molecules we are to supposa 
are of equal Eize, are absorbed 
by water in different volumes. 
We are driven to the con- 
clusion that the molecules of 
the gases within the water must 
be in some way altered in 
their relation to each other; 
, probably they aro brought so 
near to one another that the 
force of cohesion is bron^t 
into play, and they tend to 
pass from the truly gaseous 
condition. 

The laws regulating the ab- 
sorption of gases by liquids were 
first experimentally studied with accuracy by Bunsen. The 
I methods adopted by this chemist depended on the degi-ee of 
I solubility of the various gases. In the ca.^ea of the more 
[ soluble gases, such as ammonia and sulphuretted hydrogen, 
f the amount absorbed was determined by estimating tlie gaa 
I existent in the liquid by means of chemical analysis; ' 
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pie, the sulphuretted hydrogen was converted inM^^^ 
liarium svdphate, which was weighed, and from its weight 
the quantity of the gas was calculated from the knowledge 
that BaSO, = HjS. The esperiments were repeated at 
various temperatnrea, and were projiei'ly corrected for the 
fact that the volume of the liquid is increased by the absorp- 
tion of the gases. 

The absorption of the more insoluble gases was determined 
by means of the absorptiometer, which is represented in fig. 47. 
It is thus described by Bunsen : — The absorption tube, e, 
divided into millimetres and calibrated (i. e., tlie relative 
values of the several divisiona, accurately determined) has a 
Email iron band, b, fig. 47, famished with a screw Iut«d on its 
lower and open end ; this fits into another screw attached to 
the small iron stand, a a. By means of this arrangement tlie 
open end of the tube can be screwed down against a plato of 
caoutchouc covering the bottom of the stand, and the tube 
thus completely closed. On each side of the stand are fiied 
two steel springs, c c, which fit into two vertical grooves 
inside the wooden foot of the apparatus, _/", fig. 47, ho that the 
little iron stand, a a, fig. 47, can be raised or depressed, but 
not turned on its axis, horizontally. The outer cylinder, g g, 
fig. 47, is not cemented into the wooden ioot,f, nor Sato the 
iron rim. A, hut the ground glass edges of the cylinder are 
pressed against caoutchouc rings inserted in the foot and in 
the rim by means of the screws, i i. The tubes, r r, serve to 
pour in mercury, so that any desired pressure is obtained in 
the absoi'ption tube by raising or depressing the level of tlie 
mercury in the inner glass cylinder. The temperature of tlio 
surrounding water is determined by the small thermometer, 
k. The upper end of the glass cylinder is closed by an iron 
lid having a hinge at one side, and fastened down by means 
of a nut and screw attached to the iron rim, h, fitting into a 
groove, p, in the side of the lid. In the inside of the lid there 
is raised a rim of iron, over which a thick sheet of caoutchono 
is extended and fastened by a screwed ring, «. Tliis distended 
caoutchouc serves as aspring,agaiuBtwhich the top of tlie tube 
can be pressed, keeping it in a fixed position during the violent 
agitation necessary for the process of absorption. 

The tube, e, was filled with mercury at the traugh, and t 
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quantity of nitrogen, for example, was passed up into 1 
The voItuhb of tte gaa employed was determined with all 
the precautions idready described. A. quantity of ■water, 
perfectly free from air, was passed up into the tube, which 
■was then tightly screwed against the caoutchono plate a, and 
the whole was placed in the cylinder, g g, containing Bome 
mercury, and tilled up with water. The preasureB within and 
without the tube were equalized by releasing it slightly from 
the caoutehouo plate, when it was again closed. The iron lid 
was fastened down, and the apparatus vigorously agitated. 
The tube was again released to equalize the pressure, again 
screwed down, the lid waa again closed, and the apparatus 
again agitated ; this opei-ation being repeated until no further 
diminution of the Tolume of the gas was perceptible. The 
volume of the water was determined by reading off its upper 
and lower level in the tube, e. The diminution of the original 
volume of the gas corrected for the pressure which it is under 
in the absorptiometer, gave the amount absorbed by the 
water at the temperature indicated by k. 

Since, as we have seen, the solubility of a gas in a given 
liqidd varies with Its temperature and the pressure under 
which the absorption occurs, it is necessaiy, before we can 
compare the solubilities of gases, to fix upon — (1.) a definite 
volume of liquid, and (2.) upon ite temperature, and (3.) upon 
the pressure of the absoiption. It is usual, therefore, in 
stating the soluhility of a gas, to express the volume of that 
gas at 0" C. and under a pressure of 0'76 m., absorbed by 
1 C.C. of liquid at the temperature of observation, and und^ 
a pressure of 0'76 to. ; the number expressing the volume of 
the gas ia termed the ahiorptiffnrcoe^cimt of <iat gas for that 
liquid at the given temperature. Thus, the coefPoient of 
absorption for nitrogen in water is 0'02035 at O'C. and 
0-01403 at 20°; that is, 1 c.c. of water at 0" C. absorha 
0-02035 o.e. of nitrogen (measured at 0° and -76 m.) under ti 
pressure of 0-76 m. ; and 1 c,c. of water at 20° absorba 
0-01403 c.c. of nitrogen (meaaured at 0° and 0-7G m.), under a 
eof 0'76m.* 



* Compara Bunsen'i Goiomelery, translated by Bcscoe ; also Um 
articla "Absorption of Oases," by Boscoe, in Watt's Dictionary iff 
Chemistry. 
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^* The amonnt of gas absorbed by water increases, 
have seen, with ite decrement of temperature, but this is ti-ue 
only so long as the water remains liquid. When it becomee 
ice, the dissolved gas escapes. But it is important to know 
that carbon dioxide, ammonia, and indeed all the gases which 
haye been liquefied, are not expelled in the formation of ice. 
A very interesting instance of tbia fact is seen in the 
phenomenon termed the "spitting" of silver; whenthemetal 
is melted, it absorbs about twenty-two times its volume of 
oxygen &om the air ; as it solidifies, the gas is expelled with 
the appearance of ebullition, and portions of the metal are 
often forcibly projected from the crucible. 

48. SoluMlity of Solid BabBtancea, — We notice the same 
wide difierenco in the solubility of solid substances in water as 
of gases. Thus, whilst a litre of water at the ordinary tempera- 
ture dissolves only O-l'l; grams of strontium sulphate, the same 
quantity of water can take up nearly its own weight of 
crystalliitcd magnesium sulphntoj and whilst this quantity of 
water dissolves only 0-1 gram of calcium carbonate, it can 
dissolve nearly one-fourth of its weight of anhydrous sodium 
carbonate. 

The rapidity with which a soluble substance dissolves is 
dependent to a great extent on the state of division of the 
EoUd. The more finely divided it is, the more rapidly it is 
dissolved. The rapidity with which fresh portions of the 
liquid are brought into contact with the solid also materially 
affects the rate of solution. If the soluble body in large 
pieces is placed at the bottom of the vessel containing the 
Bolvont, and the whole is maintained perfectly quiet, the rate 
of solution will be very slow. It is retarded by tJie layer of 
liquid contiguous to the substance becoming satm'ated, and this, 
by I'cason of its superior density, protects the undissolved 
iwrtdon from the further action of the solvent. Under tlieso 
circumstances, solution proceeds by liquid diffusion — a pro- 
cess analagoas to that of gaseous diffusion, but of iufinitnly 
less rapidity. 

Graham, by whom tho phenomena of liquid diffusion were 
minutely investigated, has established — (1.) That different 
salts, in. solutions of equal strength, diffuse unequally in equal 
times. (2.) That with each salt the rate of diffusion increases 






108 INOBGANIC CIIElllSTnr. 

■with the temperature, and at uny given temperature is pro- 
portionate to the strength of the Bolution, at least when the 
quantity of salt dissolved does not exceed 4 or 5 per cent 
(3.) Classes of equi-difftisive subatancea exist, which coincide 
in many cases with the isomorphous gronpa. Thus, the aome 
rate of diffusion is exhibited by hydrochloric, hydrobromic, 
and hydriodic acids; by the chlorides, iodides, and bromides 
of tbe alkaline metals ; by the nitrates of barium, strontium, 
and calcium ; the sulphates of mttgnesium and zinc, &c., &c 
(4.) For Bevera! groups of Baits, it is found that the squares of 
the times of equal dilTusion, &om solutiDnB of the same 
strength, stand to one another in a simple numerical rela- 
tion. Thus, the diffusate &om a solution of potassium nitrate 
in eeven days was equal to that obtained from an equally 
Btrong solution of potassium carbonate in 9-9 days, num- 
bers which are to one another as 1-^2 = 1'414:. Similar 
results were obtained with 3 per cent solutions of nitrate 
and sulphate of potassium, equal di£fusates of the two being 
obtained in 2'5 and 4'95 days, in 7 and 9'9 days, and in 
10-5 and 14-85 days; also witli hydrate and nitrate of 
potasaiiun, and with nitrate and cni'bonate of sodium. The 
times of equal diffusion of 1 per cent solution of am- 
monium chloride and sodium cliloride were to one another as 
^2 : ^3. Now, acconling to Graham's experiments, the 
squares of the times of equal difRiaion of gases are to one 
another in the ratio of their densities. Hence, by an&lt^j, 
it may be inferred that the molecules of these several Salts, 
as they exist in solution, jiosscss densities which ai-e to ona 
another as the squares of tbe times of equal diffusion. TIiob, 
the solution-densitdes of sulphate, nitrate, and hydrate of 
potassium, are to one another as the squares of the numbers 
4, &, and 1 — that is, as 16, 4, and 1. These solution densities 
apjiear to relate to a kind of moleciUea different from the 
chomieal atoms, and the weights of whicli are either equal, or 
bear to one another a simple ntunerical relation. 

The didiision of a salt into the solution of another salt 
takes place with nearly tlie same velocity as into pure water 
— at least when tlio solutions are dilute. Graham has shown 
that the diffusion of a 4 jier cent solution of sodium car- 
bonate is not sensibly affected by the presence of 4 jier cent. 
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Bodium BoIphEite in the liquid atMOSpbere ; nor that 
a i per cent, solution of potassiiun nitrate by the 
proportion of ammonium nitrate The presence of 4 
cent, of sodium sulphate reduced the diffusion of sodium 
bonate by only one-eighth of the whole. In stronger solu- 
tions the retaiilation would probably be greater. There ia, 
indeed, reason to believe that the phenomena of liquid diflU- 
{lion are exhibited in their simplest foiTus only by weak solu- 
tions — tlte efiect of concentration, like that of compression in 
gases, being tc produce a departure from the normal charac- 
ter. The rate of diffusion is, however, mateiially aifected when 
the liquid atmosphere already contains a portion of the difiW 
ing a^L The consideration of this case leads to thi 
question of the motion of particles of a dissolved substance ii 
a solution of unequal concentration. The general law 
regulates such movements appeal's to be this ; — The velocity 
with which a soluble salt dMuses from a stronger into a 
weaker solution, is proportional to the diiTerence of concen- 
tration between two contiguous strata. (Watt's DkL, voL 
iii., p. T08.) 

As a general rule, the solubility of a solid in a liquid in- 
creases with the rise of temperature. A point is at length 
reached, when no more of the solid is dissolved in the liquid, 
which is then Raid to he saturated. Among the exceptions 
to the law may be mentioned lime, which is twice as soluble 
in water at 0° as in water at 100°; strontium sulphate, 
which requires 7,000 parts of water at 14°, and 9,600 parts 
at 100° for solution. Certain hydrated salts exhibit a nuud- 
mum degree of solubility at temperatures but slightly above 
the ordinary temperature, a fiirtherincrement of heat causing 
a precipitation of the dissolved salt. Thus, calcium sulphata 
ia most soluble in water at 35°, 1 jjart of the salt disaol' ' 
at that temijerature in 393 parts of wat«r, at 0° in 488 ps 
and at 100° in 460 parts (Poggiale). 

It very frequently happens that a satum.ted solution of 
EFubstance can dissolve a certain amount of another body 
without any precipitation occurring. This fiict is occasionally 
taken advantage of in analytical chemistry. Batiu'ated solu- 
tions at any particular temperature may be prepared eitht 
by beating the liquid in contact with an excess of the aol' 
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to the required temperature, or by heating it more Btrongiy', 
and aJlowing the Botution to cool down to the same point 
la the generality of cases the saturated solution contflina the 
Bfttne amount of the Buh3tance,bywhicbeverway it is prepared 
But when certain salts rich in water of crystallization, and 
especially those which have the power of crystallizing with 
water in different proportions, are dissolved to saturation 
in hot water, and the solutions allowed to cool out of direct 
contact with air, they frequently retain iu solution at the 
lower temperature a far largerquantity of the saJt than would 
be dissolved if the water and salt hoA remained in contact at 
that temperature. These solutions are said to be swper- 
ealurated. "Very alight causes are sufficient to cause tha 
precipitation of the excess of dissolved salt : if the solution 
be agitated, if dust or a, particle of the solid salt be allowed 
to fall into the liquid, thq salt suddenly separates out to such 
an extent that the whole appeai-s to solidify, and a considernblfl 
rise of temperature is observed. 

These phenomena are seen to perfection in the coses of 
Bodium sulphate, acetate, and thiosulphate. A wide-mouthed 
flask of about 200 c.o. capacity is nearly half-filled with 
roughly powdered crystallized sodium thioaulpliate Na^S^HgO. 
+ 4 H3O, and placed in a large beaker of water, maintained 
at a temperature of 60°, until the salt is completely melted 
in its water of crystallization. The flask is then I'emoTed 
and placed upon some badly conducting surface, as a piece of 
flannel ; in about three hours the liquid will have cooled 
down to the temperature of the air, when, on dropping a piece 
of the salt into the scflution, the liquid will appear to solidify, 
and the temperature of the mass will be increased by 18° or 
■ 20°. Sodium acetate C^HgOaNa + 3 H3O melts at 75' in its 
water of crystallization, and the liquid may be even cooled 
down to 0° without solidifying ; on agitation, or in contact 
with a piece of the salt, IJie whole becomes solid, and the 
temperature, by the use of 200 grams of salt, rises through 
about 40° (from 11° to 54°). Many other salts, such as ^e 
alums, sodium phosphate, &c., exhibit similar phenomena, but 
with the difference that theii- supersaturated solutions cannot 
be cooled down to the ordinary temperature of the air without 
soliililying ; in all cases, however, a rise of tempcratun 
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ednular to that esLibited by tlie sodivim salts above mentioaed 
is exhibited when they solidify. We shall have occasion to 
return to the eonsideratioii of these phenomena in speaking of 
the elevation of temperature exhibited by waterin the act of sol- 
idification, ■whenprevioualycooleddownbelowita freezing point. 

49. Water of CryBtallization. — Many eubatancea owe 
their cryBtaUino cliaractei- to the water whicih they hold in a. 
state of chemical comliimition. Thus, Bodium carbonate, 
NajCOg + 10 H^O, crystallizes in large transparent crystals, 
belonging to the raonoclinic system (see CryataRography) ; 
on allowing the crystals to remain exposed to the air, they 
gradually lose their transparency and ejftoreece—i. e., crumble 
to powder by giving up their vmier of eri/elalliisalion. The 
peculiar form of this hydrate is clue essentially to the 
water of crystallization with which it is combined. Various 
hydrates of sodium carbonate are known crystallizing in dif- 
ferent systems; thus, the salt, Na^COg + 7 H^O, cryatalliiea 
in forma belonging to the rhombic system ; its appeai-ance is 
totally different from that of the deca-hydrate, showing that 
the crystalline form of the salt is determined not only by 
the presence, but bIbo by the relative amount of the water. 
Many salts, however, crystallize without water of com- 
bination; thus, common salt (NaCl) uauaJly crystallizes in 
cubes — i. e., in the simplest cryHtallographic form; but it 
is possible to obtain tliia body in combination with two 
molecules of water, NaCi + 2 HjO, when it crystallizes in 
forms derived from the triclinic — i. t., tlie most complicated 
eiystallographic syatem. 

The presence of water in a salt not only determines its 
crystallographic form, but (ilso freijiieiitly modifies its colour 
to a remarkable extent Thus, copper-sulphate, CuSO^ -|- 
5 HgO, crystalHzea in large azure-blue transparent triclinic 
prisms, which on heating to 200° become anhydrous and 
white. The same effect can be brought about by immersing 
the crystals in strong sulphuiic acid, which has so great an 
affinity for water that it is able to abstract it from the salt. 
Cobalt chloride when aniydi-ous is blue, but when dissolved 
in a large quantity of water it becomes red, owing to the 
formation of a hydrated salt, which can be obtained in crystals 
by the cautious evaporation of the solutioa This salt forms 
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tke basis of oaa of the so-callGd sympathetic iaks. Charactss 
written on paper with a dilute solution are almost invisible 
on drying on ftccount of the feeble tinctorial power of the 
hydratcd salt ; on gently heating the paper the Bait ia 
dehydrated, and the writing becomes blue and iB I'eudered 
easily vimble. On allowing the paper to absorb moistui'e 
&om the air, the salt again takes up water and possea into 
the hydrated condition, when it again becomes iii\Tsible. 
Magnesium platino-cjaHide may be obtained in fine large 
crystalB of a deep red. colour when Tiewed by ti-ansmitted 
light ; when seen by reflected light the sides of the crystals 
ore of a, golden green, and their extremities of a deep purple 
colour. The crystals contain seyen atoms of water, and give 
B. nearly colourless solution. When beated to 50° they part 
with one atom of water, and become of a, yellow coloiu:. A.t 
100° the salt becomes white by further loss of four atoms of 
water : at 200° it is rendered anhydrous, and its colour again 
changes to yellow. If a portion of the dehydrated salt be 
placed on the powdered red salt it rapidly abstracts water 
from the latter, and a white ring or layer is formed between 
two yellow borders, oae of which consists of the anhydrous 
salt, and the other of the pei-hydi-ated salt. (Hadow.) 

The water of cryatallization in salts is held with varying 
tenacities. Some BaJta, like Bodium carbonate, give up the 
greater portion of their water to the air at the ordinary 
temperature, whilst others, like copper sulphate, require to 
be heated. Some salts retain one portion of their water with 
greater tenacity than another ; thus, copper sulphate Icaea 
four atoms at 100°, but requii-es prolonged exposure to a 
temperature of 200° before it parts with the remaining 
quantity. Thus, too, potash-alum, Al^E^iSO^ + 24HgO, 
gives off ten atoms of water at 100°, ten atoms more at 120°, 
the remainder being expelled at 200°, when the residue (known 
as burnt alum) is insoluble in water. So also 2inc and 
magnesium, sulphates, which have the some crystalline Efaape, 
each possessing seven atoms of water, yield six atoms at 100°, 
but retain the remainder up to a temperature of 2iO°, To 
denote this fact, the formida of these crystallized salts 
are ocoasioaally written thus— ZnSO^HjO + GH^O, and 
MgSO.H„0 + 6HaO. The water retained in the salt ia 
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igarded as more ultimately connected vith its constitation 
than the retnaining six atoms : hence it is frequently t«nned 
water of constitution or coTigtiVatioTial water. Although this 
water requires a comparatively high tempei-ature to efl'ect its 
expulsion, it may be displaced by a molecule of another saltj J 
and a series of double saJte may be formed. Thus — ' 



MgS0lNaiS(5(+ 6H,'o.' ZuSoiKiSi.' "+ CH;o. 

The term loater of haUiydroiion ia sometimes used to denote 
this tenacioualy-held irater, in contradistinction to that of 
crystaUization, which is essentially connected witli tbe crystal' 
line form of the salt 

Many dehydrated salts nuinifest a remarkable pew 
absorbing water from a moist atmosphere, and of piiasing back ' 
again into the hydrated condition. Thus, anhydrous copper 
sulphate passes in time on free exposure to the air into the 
hydrated salt, changing in colour from white to greenish 
blue. It sometimes happens that the aJEnity of the salt for 
water, as in the case of calcium chloride, is bo intense that it 
is able to absorb it in sufficient quantity to liquefy 
deliquesce. Advantage ia taken of this property of certain 
salts in order to remove water from gases or liquids. Alcohol 
is dehydrated by agitating it with anhydrous copper sulphate,. 
and gases are freed from moisture by means of calcium chlorides! 

It is not yet satisfactorily determined whether hydrat«4- 
Gaits exist in solution in combination with their water, 
whether they combine witli this water only at the moment' 
of crystallization. The experiments of Wii liner 
vapour tensions of saline solutions (infra) appear to indieata 
that the greater number of hydrated salts, when in solution, 
act in diminishing the vapour-tension of the liquid exactly 
as anhydrous salts; and, therefore, that it iH only in the 
moment of crystallization that the water combines with the 
salt. The remarkable changes of colour which certain saline 
oolutions experience on being heated— a. g., the chlorides o£i 
cobalt and copper — may, however, be adduced as an argument 
to the contraiy.* 

■ Compare Eildorff Fogij- ^nn., cxlv. 503. Chcm. Soe. Joum., 
Bept., 1872, 
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SO. BeIatioii8 of Water to Heat. — An intimate knowleS 
of the rulations of water to heat is of primajy importance to 
the chemist. Water, under ordinary conditions, when cooled, 
contracts, and becomes solid at 0° : when heated, it expands, 
and at 100° it boils. Let ns, however, examine the action 
of heat upon water a little more particularly. Let us sup- 
pose that we have constructed a water-ttermometer, with a 
bulb of great capacity, by taking a large flask, say of 1,000 
CO. capacity, filling it completely with water at the opdinaiy 
temperature, and inserting into the neck of it, through a 
tightly fitting cork, a long narrow tube. We place oiu: 
water-thermometer in a room, the temperature of which is 
mainteined below 0°. The water in the flask immediately 
commences to part with its Leat to the air of the room, and 
contracts in bulk as it cools; this contraction is rendered 
evident by the recession of the liquid in the tuba Afbr a 
certain time, however, the liquid is observed no longer to 
contract; its volutae apparently becomes stationary for a 
moment, after which it again expmids, until it is cooled to 
0°, when it ia suddenly transformed into ice, and with snob 
a Guddeu Increase in volume that the flask is in all probability 
broken. Supposing, however, that we had originally filled 
our thermometer with ice-cold water, and had brought it Lato 
a worm room, we should notice that as the liquid acquired 
heat from the room it would contrael down to a certain point, 
after which, with the further increment of heat, it would 
again expand, until it acquired the temperature of the room. 
It is evident, from these observations, ttiat when water is at 
a certain temperature, above its soHdifying point, the abstrac- 
tion or addition of heat produces exactly the same effect upon 
its voJmoe. The temperature of the water when it stajida 
lowest in the thermometer-tube is found to be 4° C. At 4° C, 
therefore, a given weight of water occupies least bulk; the 
point of maxknian density of water is at 4° C. In this respect 
water ia anomalous : no other liquid is found to contract when 
heated, and to expand on being cooled. The fact that n 
is most dense not immediately above its freezing points, but 
at some distance from that point, was re-discovered by Lefevre- 
Gineau in the course of the determinations i-equircd to ascei^ 
taia the weight of a cubic centimetre of water^the unit of 
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Fig. 48, 



French eystem of weiglitB.* For the reaiion that a given 
ttUk of water weiglia more at the temperature of ■1''0, than at 
any other tempcRitiire, it was decided t« determ 
weight of the cubic centimetre of 
water at that point. The gi-am, 
therefore, IB the weight of one cubic 
centijaetre of water at 4° C. 

The anomalous expansion of water 
may be iilaatrated in a very Btriking 
manner by means of the apparatua 
represented in fig. 48. It consists 
of a glass cylinder, pierced with two 
hotesinitsside near the top and bottom, 
for the insertion of thermometers. It 
is filled with, water, and placed in a 

room, of which the temperature is ahoutO". Astheliqnid cools, 
both thermometric columns are observed to contract, hut 
the lower one sinks faster than the otlier, 
until it reaches the point of 4'' C, when it 
remains stationary, whilst the upper one 
sinks continually to 0°, when ice begins to 
form on the surface of the liquid. This 
clearly shows that water at 4° is denser 
than water at a temperature below 4'. The 
principle of this apparatus, which was dc- 
Tiaed and employed by Hope, has also been 
made use of by Joule t« determine the ]^>oint 
of maximum, density of water. Joule's a]>- 
paxfttufl resembled that seen in £g. 49. It 
Oousisted of two cylindrical vessels, each I -1 
Bifitres high, and 1 5 centimetres in diameter, 
jmned below by a wide tube furnished witli 
A »top-ooek, and connected above by a little 
bhanoel. The apparatus wiia filled with 
■water above the level of the channel, in 
which was placed a light bulb or gi'avity- 
bead, to indicate by its motion the direction of 
the flow of water from one vessel to the other 
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to make an observation, tJie cock waa closed, a ^^^^ 
difference in the temperatun! of tlie water in each column 
■was bi-ought about, and, after Station, the temperature of 
each mass of water was accurately determined, and the cock 




















400 bead was disturbed fi.-oaiita 

position of rest, it would 
^^^ indicate that the waterin 
300 the cylinder towards which 

it flowed was moat dense. 
^^° If we obtain a pair of 
aoo different temperatures at 

which the density of the 
'^° water is identical, one of 
mn these must be above, and 

the other below, the point 
50 of masimum density; and , 
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pairs of temperatures of 
50 which the difference was 
100 continually emaUer, Joule 

dc tcrmined the temperature 
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-4-2 a 1 6 a 10 la ot the mmmn density or ,| 
water to be 39='-l K, or 
Fie- 50. 3°-945C. Thisobgervation 
was confirmed by the experiments of Despretz, and of Plttcker 
andGeiaaler, whose results, from — i°to + 13°, aregrapliioally 
represented in fig. 50. The thick line indicates the obserra- 
ions of PlUcker and Geisaler, the thin line those of Despretz. 
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These curves, especially that of Desprctz, show that the 
expansion caused by a given decrement of temperature below 
the point of maximum density is perceptibly greater than 
that effected by an equal rise of temperature above that 
point. This result has been confirmed by the later observa- 
tions of Pierre and Rossetti; 999,871 volumes of water 
at 4° become 1,003,738 volumes at - 15°, and 1,002,276 
volumes at 23°. The following table, giving the means 
of the independent observations of Despretz, Pierre, and 
Kopp, shows the rate of expansion of water between 
3°-945 and 24°— 
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V. 


3-945 


1000000 


11 


1000356 


1001353 
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1000008 


12 


1000463 


19 


1001541 
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1000032 


13 


1 000578 


20 


1 001743 
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1000070 


14 


1000708 


21 


1001952 


8 


1000121 


15 


1000855 


22 


1 002169 


9 


1000186 


16 


1001005 


23 


1 002394 


10 


1000265 


17 


1001176 


24 


1002642 



The logarithms of these means to seven places of decimals 
considered as integers, are represented with great accuracy by 
the following formula due to Prof. W. H. Miller * — 

32-72 {t - 3-45)« - 0215 - {t 3-945)». 

The above table shows that water expands more and moi-e 
rapidly with the increase of temperature. 

As the mean result of all the best determinations, t it api)ears 
that one volume of water at 0° becomes 1*04300 at 100°, and 
that one volume at 4° becomes 1*04312 volumes at 100°. 

The rate of expansion of water above 100° has been deter- 
mined by Mendclejcff and by Ilirn ; their results ai'c em- 



♦ See Phil Trans. 1856, 790. The above table is taken from 
Prof. Miller's Memoir on the ''Determination of the Standard 
Pound." 

■f- Viz., those of Kopp, Pierre, Despretz, Hagen, Matthiessen, 
Weidiier, and Rossetti. 
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bodied in the following table; they show that the liquid 
expands very rapidly at the higher temperatures. 



" 


UcudcIoJeS. 


H». 


131-0 
156-8 


10722> 

1-1010 


120 

140 
IfiO 
ISO 
200 


1-05993 f 
1-07940 
1-10I4D 
1 -12078 
1-15900 



The presence of a soluble substance, 
caloium chloride, in the water, j-enders its rate of expansion 
more uniform. The point of masimum density of a salina 
solution ia always below that of water, sometimes indeed itie 
below its point of solidification. Hosaetti has shown tliat the 
depression in the freezing point caused by dissolving comDum 
salt in the water is proportional to the amount of salt dis- 
solved, but that the depression of the point of masimum 
density increases moi-e rapidly than the propoi-tion of salt^ 
Some of his results are seen in the following table — 
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Density MO". 


DrasiW It Mai. 


remp.otMai.DBtlaiy. 


1 

3 

Sea-wator(AJriatk) 


1'007634 
1 023.-130 
1 045975 

1-020639 
1 -028141 


1-O07GG6 
1023.-.83 
1 -010052 

1-02R774 
1-028261 


+ 1-77 

- 3-24 

- 11-07 

- 3 21 

- 3-90 


-0-6S 

- 190 

- 3-91 

-1-90 
-2-10 



51. Freezingr Point of Water.— The tempei-ature at -which 
ice melts is, under ordinary circumstancea, constant, but under 
certain conditions water may be cooled below 0° -without 
solidifying. Thus, when contained in closed vessels or in 
narrow tubes, in a state of perfect rest, it may bo cooled 
to — 10° or — 15° without becoming solid ; but on ths 
slightest agitation it suddenly turns to ieo, and the temp«nk 
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ture risea to 0°. This fdct was fii-st observed by Fahrenheit 
in 1714. Water may most readily be cooled below its freez- 
ing point witLout congealing, by keeping it out of direct contoct 
with, the atmosphere. The apparatus seen in fig. 51 is intencled 
to illustrate tlm phenomenon ; it coDsite of a thermometer, the 
hulb of which ifl jmmereed in water contained in a little 
cylindrical vessel. The water is introduced through 
aa opening at the bottom, and is made to boil biiskly 
so as to expel the air from the vessel when the point 
is sealed by means of the blowpipe. The space above 
the wat«r is thus freed from atmospheric air. The 
Apparatus is now placed in snow or pounded ice until 
the thermometer stands at 0°, when it i» transferred to 
a dear concentrated solution of common salt previously 
cooled to — 8° or — 10", The temperature of the 
water round the bulb gradually ainka 4° or 5° below 
zero, but on the least agitation the liqiud hecomea ice, 
and the mercury column immediately rises to 0°. A 
mixture of chloroform and sweet almond oU in certain 
proportions possesses the same specific gravity aa water; 
a drop of water placed in this mixture remains 
suspended in it, assuming a spheroidal shape and 
retaining the liquid condition even when cooled to 
— 20°. I^ however, the globule bo touched with a 
piece of ice it solidifies immediately, increases in 
volume and becomes specifically lighter. This phe- 
nomenon is analogous to the case of a supersaturated 
solution of thiosulphate or acetate of sodium, which, 
as we have seen, may be cooled many degrees below 
the point at which the dissolved salt assumes the solid 
form, without solidification ensuing. Ettdorff has 
mode the very cuiioua observation that, if a solution 
of a salt be cooled below 0°, ice or salt may be made _ ^ 
to separate out at will, as the one or other solid is Fig. St. 
added to the cooled liquid. If a piece of ice be thrown 
into the liquid, ice alone separates out ; but if a piece of the 
salt be dropped into it, oniy salt is thrown out of solution. 
If pieces of ice and of the salt are simultaneously thrown, 
into the Eoiution, water and salt solidify at the same time. 
On account of Una indefiniteness in the point at wl 
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■water becomea ice, tlie lower fised point on a thcntiometef 
is always taken, not in freezing water, Irnt in melting ice, 
which under ordinary circumatances liquefies at a constant 
temperature. The ordinary variations in atmospheric presauro 
are without sensible effect on the melting point of ice ; but 
greatly increased pressures produce marked differences in 
lowering the melting point. Professors J. & W. Thomson 
have shown that the melting point of ice is lowered by about 
O'-QOlb C. for every additional atmosphere of pressure. ^Oiis 
decrease in melting point under pressure is peculiar to water, 
and is related to the fact that a given weight of water occupies 
less bulk in the liquid than in the solid condition. In the 
case of substances which, like sulphur or paraffin, are speci- 
fically heavier when solid than when liquid, an increase of 
pressure raises the melting point. Thus, Bunsen found for 
papoiHn — 



und for ] 



Hopkins found for sulphur — 

PresBnre of 1 atmosphere, ]0T°'0 melting 

,, 519 „ 135°-2 ,, 

„ 732 „ 140°'5 „ 

By exposing ice, even when at a very low temperature, to 
an enormous pressure, we may expoet to effect its liquefacticm; 
and, in fact, the experiments of Mousson have shown that a 
pressure of 13,000 atmospheres will convert ice into water 
at a tempei-atiire of — 18°. If we fill an iron bombshell with 
water at i°, and securely plug the fuse hole, and expose the 
shell to a low temperature, although the temperature of tha 
water may be several degrees below zero, ice is never formed 
within the shell, owing to the enoiinous pressure exerted by 
the water in its expansion. Occasionally this pressure ia 
sufficient to drive out the plug, or to burst the shell, when 
the forms exhibited by the mass of ice which now projects 
from the ci-ack or hole, show tliat this ice could onJy have 
been foimed at the moment that the pressui-e on the liqtud 
WEis removed (fig. 52.) 
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^ S2. Regelation. — If we squeeze two pieces of ice togetlie 
they win adhere, and form a solid block. This phenomeiic 
is tenned rcgelaiion, and was first observed by Faradiiy, 
has been aseribed to tho 
effect of pressure in low. 
ei-ing the melting point 
of ice. The pressure on 
the pieces of ice causes 
a portion to melt at their 
points of contact; on 
removing the pressui-e, 
this water instantly 
freezes, and cements to- I'lt!- ^-■ 

gether the pieces of ice into a compact ma.'is. The phenomenon 
of regelation has been supposed by eome to play an im- 
portant part in determimng the motion of the immense masses 
of ice termed glaciers. 

63. Expansion of Water in Freezing. — Ice floats upon 
■water ; a given weight of water therefore increaaeB in bulk 
in passing from the liquid to the solid state ; accordingly, the 
Epecific gravity of ice is less than that of water ; the relation 
of their specific gravities is as 0-91674: 1 (Biinsen), One 
To'ume of water at 0° becomes 1-09082 volumes of ice. The 
diETUptive effect exerted by water jn freezing is very great, on 
account of the sudden iucreaae in the volume of t!ie congealed 
water. We frequently notice in tho winter months that 
pipes and vessels are burst by the action of freezing water. 
The force exerted by freezing water plays a veiy important 
effect in nature in the disintegration of rocks and minemls 
to form soils. All rocks absorb moisture eithei- directly 
from the atmosphere, from rain, or by capillary action ; when 
ejqMJsed to a low temperature, the enclosed water freezes, its 
volume increases, and it thus exerta a disruptive action upon 
the rock. The united effect of millions of tliese disruptive 
actions is to detach and bring down a fragment of tho rock ; 
this fragment doling successive winters is again broken up 
into smaller fragments, the process of S[)litting-up being 
repeated, until the whole mass is reduced to a stato of fine _ 
Bubdivision. 
These considerations of the behaviour of water i 
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neighbourhood of its freezing point will enahle us to u 
atand why very deep lakes never freeze. When a mass of 
■water is exposed to a, low atmospherie temperatui-e, say below 
0°, the action towards thermal equilibriuni commetices at the 
surface of the water, where it is in contact with the colder 
air. The water cooIh, therefore, and becomes speoiflcally 
heavier; it ainka, and gives place to warmer and lightw^ 
water from below, This in its turn gives up its heat to the 
air, contracts in volume, becomes specifically heavier, and 
fiinlcB. A proi;ess of circulation in the water is thus set up, 
until its mass is reduced to a temperature of 4°. At 
this point, a further absti-action of heat causes the volume 
of the cooled water to increase ; as it cools from 4° to 0" it 
becomes specifically lighter; it has therefore no tendency to 
Bink, The oircnlatory process ceases therefore SO soon as the 
mass of the water acquires a uniform temperature of 4°, 
cooling by convection (as this process of transference of the 
water-particlea is teimai) is at an end, and any further reduc- 
tion of temperature is brought about by conduction. Water, 
however, ia such a bad conductor of heat, that if ite mass is 
very considerable in proportion to its surface, as it is 
in a deep lake, the duration of the cold atmosphere ia 
never sufficient to bring about the reduction of the whole, 
even to the uniform temperature of i\ Even supposing 
that the upper layer becomes reduced to 0°, it will take 
a considerable time before the contiguous strata become re- 
duced to the same temperature j and, accordingly, the forma- 
tion of ice must take place very slowly. 

Let us consider what would be the efiect if water did not 
possess this anomalous point of maximum density, and if ice 
were not specifically lighter than water. In contact with & 
colder atmosphere, cooling by convection would go on in the 
manner above described, and the heavier water would sink, 
and in time the temperature of tho mass would become 
reduced to 0° ; ice would fu^t form at the upper stuface, in 
contact with the colder ah-, and would sink to the bottom ; 
and, if the cold continued, the water would be graduallj 
solidified. But, supposing that the cold was not of sufficient 
duration to turn the whole mass of the water into ice, we 
should have a condition of things exactly analogous to that 
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in the experiment described on p. 99. The masses of ice at 
the bottom conld only be melted by the process of conduc- 
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Fig. 53. 
tion. As the summer air warmed the water at the surface, 
it wotdd have no tendency to sink^ for as it increased in 
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temperature it would liecome Kpedflcally Ugliter, 
the dumtioii of tlie summer -would be inBufficient to effect 
the liqiiefactiou of the ice ; our climate would become arctic 
in its character ; and our lakes and rivera coiild not fulfil 
their greatest nae, namely, the preservation and sustenance 
of a large portioa of the animal kingdom. 

Fig. B3 giyes a graphical representation of the changes of 
TOlimie experienced by water on being heated from the solid 
state at 0° up to 200°. The abscissae indicate the tempera- 
tures, and the onlinates the corresponding Tolumes, thevolume 
at the maximum density being 1000. 

64. Iiatent Heat of Water, — If we take a kilogram of water 
at 80° C, and a kilogram of water at 0° C, and mix them 
together, we obtain two kilograms of water having a mean 
tamperatui-e of 40°. If, now, we mix a kilogiam of water at 
80° with B. tilogi-am of ice or snow at 0% we in like manner 
obtain two kilograms of water ; but its temperature is not 40°, 
it is exactly 0°, All the heat which the kilogram of water 
at 80° baa given out in cooling from 80° to 0°, has com- 
pletely disappeared — that is, it is no longer recognizable by 
the thermometer. This amount of heat has been sufficient, 
however, to convert ice or snow at 0° into water at 0° ; in 
other words, the heat has been used in doing the work of 
converting solid water into liquid water. To denote this 
heat, which is thus used up, and appai-ently becomes hidden, 
the term late-nt heat has been invented. In order to compare 
different quantities of heat, it is necessary to adopt some 
distinct quantity as our unit. It has been agreed, therefore, 
to take as the tmit of heat tliat amount of heat xchieh ia 
required lo raise 1 kilogram of water from 0° to 1° C Now, 
in the kilogram of water at 80°, there are 80 of these Jieat- 
uniis, or t/termal units, as they are sometimes termed ; hence 
we see that it takes 80 thermal units to convert ice or snow 
at 0° into water at 0°. Accordingly, the latent heat of fusion 
^ water is said to be 80 tJtermal units. 

The determination of the latent heat of fusion of water has 
been frequently made the subject of rigorous experiment 
The method adopted by Eegnault was as follows : — In a 
cei'tain space, the temperature of which was not far removed 
from 0°, was placed n. weighed quantity of water of a known 
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temperature. A quantity of snow was placed in a little 
wire-work basket, and Jta temperature was accurately aiicer- 
tained by means of a t!iennoaief«r. The basket and snow 
were plunged into tlio water, and agitated until the snow was 
melted, when the temperature of the whole was again ascer- 
tained. On weighing the water at tho termination of the 
experiment, its increase in weight gave the amovtnt of Rnow 
added. The actual numbers of one of Begnnult's dotumuna- 
tioQB may Berve to show how the latent heat of fusion of 
water may be calculated from the results of these observa- 
tions. The weight of water originally employed was 462'3 
grams; at the end of the experiment it was 612'TgTam3: 
accordingly, 50'5 grams of snow had been mixed with the 
water. The initial temperature of the water was 16°'12; 
that of the snow was — 0'33 ; the final t«mperaturo of the 
mixture was C'TS ; accordingly, the water had been cooled 
through IG'-IZ - Q'-IS = B'-Si. The quantity of heat given 
up by the water was therefore 462'2 x 9'34 = 4317 thermal 
units. But this amount of heat had been used up iu con- 
verting the 50'5 grama of snow into water, and in raising the 
temperature from-0''-32 to 6°'78^that ia, thi-ough 7°-l, 
To raise this iimount of water to this temperatui-e, we should 
need 50'5 x 7"1 = 358 thermal units. Accordingly, the amount 
of heat required to melt the snow would be 4317 - 358 = 3959 
thermal units. If 50-5 grams of snow i-equircd 3959 thermal 
units, 1 gram would need Y<yi — '^85 thermaj units. 
Hence 7S'5 is the uncorrected value of the latent heat of 
fusion of water. After making all the necessary corrections, 
this number becomes 79'2; and as the mean of severLil 
experiments made in the above manner, Segnault found 
79-24 for the value of the latent beat of fusion of water. 
This latent heat ia again given out when the water solidifies, 
although under oi-dinary circumstances there is no perceptible 
rise of temperature. As a rule, the freezing of water b^ins 
at difierent points at the same instant : the congealing 
portions give up their latent beat to the adjacent particles, 
which are therefore hold liquid for a moment or two longer, 
until tb'" evolved heut is dissipated. For this reason, we 
■ ' ■ e in the freezing of water the creation of thin leaflets, or 
die shaped pieces of ice, which gradually increasQ ia size, 
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and paali their way into the midst of tlie atUl liquid i 
The latent heat is thus gradually dissipated : on this aecoimt 
the water, when cooled down to 0°, does not iiisti'ut-ineously 
Bolidify. 

We haye already had several manifeatations of this evolu- 
Uon of heat in the transition from the liquid to the solid 
condition. Thus, when the superaaturated solutions of 
sodium acetate, sulphate, or thiosulphate, were made to oiya- 
tallize, a considerable development of heat was manifested. 
If gypsum be heated, its water of crystallization is expelled; 
and if it be now moistened, it becomes suddenly heated, owing 
in great measure to the recombination of the water, which 
enters into union in the solid state, and gives off its Aaot of 
liquidity, or latent heat. The slaking of lime is also attended 
with the assimilation of water, and the great evolution of 
heat with which the operation is attended is due in part to 
the change of state of the combined water. 

If we set a flask containing water over a lamp, and thi'ow 
into the water a few fi-agmoats of litmus or cochineal, we 
shall be able to observe the manner in which the mass of the 
water becomes heated. We notice that those portions of the 
liquid nearest to the source of heat I'apidly ascend to the 
surface, and, arriving there, appear to fall over and descend, 
and again ascend on coming into contact with the heated sur- 
&ce, their motion being rendered evident as they become mised 
with the colouring matter of the litmus or cochineal, and 
this process is repeated until the mass of the water appears 
to be in rapid circulation. The offect of heat on water is to 
expand its volume, and to render it specifically lighter; it 
accordingly rises from the heated surface, giving place to 
colder and hea\-ier wat«r. This in its tm'u becomes heated 
and ascends, and other particles of water flow into its place. 
In this manner heat is carried among the other particles, 
until the whole appears to be uniformly heated. The water 
thus becomes heated by convection. If we place a thermo- 
meter in the heatedliquid, we notice thiit the mercury con tintiea 
to ascend, until it reaches a certain point, when it remains 
stationary ; bubbles of water-gas or steam are now observed 
to form within the liquid, which, rising, break on the surface 
and agitato it^ giving the liquid the well known nppearanoo 
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f ebullition. The thermometer now stands at 100°, and 
however loBg we continue to heat the liquid, its temperature 
never exceeds 100°, Here, then, we have a disappearance of 
heat exactly dmilar to that Been in the liquefaction of ice. 
Heat, in fact, ia being nseil up in converting the liquid into 
a gas — that ie, in converting the water at 100" into steam at 
100°, for if we withdraw the thermometer from the liquid, 
and iiold it in the steam, we notice that the temperature is 
unchanged. "Wo can roughly determine the latent heat of 
vaporization by taking, say, 100 grama of ice-cold water and 
blowing steam into it, until the temperature is exactly 100°. 
The increase in the weight of the water gives ua the amount 
of steam at 100', whieh, in its condensation to water at 100°, 
gives out heat enough to raise the cold water to 100°. "We 
will suppose that this increase in weight was ]8'6 gi'ama 
Then 18-6 grams of steam at 100°, in condensing to water 
at 100°, have given out sulHcient heat to raise tho 100 
grama of cold water from 0° to 100°, But tho numbers of 
18-6 and 100 are in tho ratios of 1 : 6-36. We can say, 
therefore, that the quantity of heat neoeaaajy to change a 
given weight of water at 100° to steam at 100° is 536 times 
ea great as that required to heat the same weight of water 
fiom 0' to 1",* But tho quantity of heat required to raise 
the temperature of the unit volume of water fiom 0° to 1° ia 
styled the thermal unit; hence the latent heat of the vaporiza- 
tion of water is 53C thermal units. 

"We have frequent illusti-ations of the fact that a substance 
requires more heat for its existence in the gaseous than in 
the liquid condition. If a draught of air impinges on ua, wo 
feel the sensation of cold; the motion of tJie air promotes 
evaporation from the surface of the skin, and in the act of 
evaporation the water robs the body of some fraction of its 
heat. The abstraction of sensible heat ou evaporation may 
be shown in many ways. If we pour a few drops of ether 
on the hand, we expeiienoe a sensation of cold, owing to the 
rapidity of tho evaporation. By using a lavger quantity of 
ether, and promoting its evaporation by a I'apid current of 
air, it is possible to lower the temperature of any portion ofi 
the body to such a decree as to cause numbness or insci 
• Tliia Etntement, althongh nearly, is not ahsohilr!^ trne. 






128 isona^LMC CHEmsTnv, 



irtd arae^ni 



r 

^^M bility to pain in the part — a iact fii'St observed and e 

^^H upon by Dr. Richardaoii, who has proposed to use ether io 

^^M ibis manner in surgical operations. It is a common practice 

^^H in Lot countries to cool water hj placing it in unglazed 

^^1 Teeaels, which are sufficiently porous to allow of tbe trsa- 

^^B spiration of water &oni within to tbe outer surface, whence 

^^U it evaporatefl, and bo cools the vessel and its contents. If a 

^^K few drops of water be poured on to a wooden block, and a 

^^V tbin coir^>er disc, shaped like a watch glass, and filled with 

^^B ether, be placed on the board so as to be surrounded by the 

^^P water, a, strong current of air A\)ni a bellows will create mcfa 

rapid evaporation of tbe ether, and consequently Buob an 

abstraction of beat fi-om the metal iind water, that the latter 

is robbed of its beat of liquidity, and, accordingly, solidifies ; 

the metal and block ai-e cemented together by tie ice. Some 

liquids evaporate witli such rapidity that they solidify; thus, 

when liquid carbon dioxide is caused to evaporate quickly, 

a portion of tbe liquefied ga^ ireezes. 

^^ fi5. Spheroidal State. — If a few drops of water ara 

^^L thrown de to a, hob plute, they are ol^erved to asaame 

^^P a peculiar spheroidal shape, and to acquire a rapid oscilla- 

^^K tory motion. Although the plate may bo heated much above 

^^1 its boiling point, the water never enters into ebullition, and 

^^M its volume decreases with comparative slowne-ss. If, how- 

^^1 ever, the source of heat be removed, the water, little by 

^^H littie, begins to boil, and at last with such rapidity, 

^^M that it disappears in a momentary burst of steam. Tlus 

^^M phenomenon, which was firat observed by Leidenfrosf^ has 

^^P been, accurately investigated by Boutigny, who has shown 

^^P that the same efiect may be produced by other liquids than 

water. By di'opping eliier on to heated water, Uio former 

liquid may be made to assume the spheroidal condition, 

Boutigny has proved that in all these cases the liquid is noi 

ia direct contact witb the boated surface : between the water 

and tbe boated plate is a film of aqueous vapour, on which 

the spheroid of water rests as on an ela.stia cushion. Owing 

to tbe badly conducting nature of tbe intervening layer of 

I vapour, the drop rarely becomes heated to tbe boiling point; 
evaporation therefore occurs only from its surface. Colley 
has recently re-investigated tbe pbeaomcnon, and be fini 
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the temperature of the spheixiid varies from 00° to lOO'i 
accoi-diug to the temperature of the plate and the size of the 
Epheroid; and that the space between the lower surface of 
the spheroid and the plate is, for small drops of I to I'S 
grams, from 0'15 to 0'3d m.nL A. liquid wets the side 
of the vessel in which it is contained, for the reason that the 
adhesion between the material of the vessel and the liquid is 
greater than the cohesion of the liquid partides among them- 
selves. Both the adhesion and cohesion decrease with increa 
of temperature ; but, under ordinary circumstances, when 
hcat«d liquid, likewater,is in contactwith a surface butslighf 
ho tt«r than itself, the force ofadheaion is still greater than ' 
of cohesion, and, accordingly, the liquid still wets the sur: 
If, however, the surface is far more strongly heat«d than 
liquid, the adhesion, rapidly diminishes, until at a c 
point the cohesive force preponderates ; the liquid no ' 
wets the surface, hut assumes a spheroidal form (Buff^)* 

If a quantity of liquid sulphur dioside be poured intoj 
platinum crucible heated to bright redness, it will i 
the spheividal state, like any other liquid. Sulpliiir dioxide 
boils at -10°; and so longaa it remains liquid, its tempei'a- 
tiire does not exceed that point under the circiimstancea 
of the experiment. If, therefore, we pour a Hinall quantity 
of water into the red hot crucible, it will instantly be con- 
verted into ice — the rapidly evaporating suljihur dioxide roha 
it of its heat of liquidity. 

By using a mixture of solid carbon dioxide and ether, 
Faraday succeeded in solidi^dng mercury, which &eezea at 
— 40°, in an ignited cnicible. The mixture of solid carbon 
dioxide and ether, contained in a wide-mouthed test-tube 
held by a wire handle, was poured into the glowing crucible. 
A amall platinum cntcible, half filled with mercury, and also 
held by a wire handle, was then quickly inserted into the 
mixture of carbon dioxide and ether. In a few seconds the 
mercury was solidified, and the small crucible could be with- 
drawn and inverted without any of the metal flowing out; 

fi6. Tension of Aqueous Vapour. — Water constantly gives 
off steam or vapour at all temi>ei-atureB. If wo expose a glass 
of water to the air, we find after a time that the whole of the J 
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water will have disappeared, or, as it ia termed, will Lave 
evaporated. For a Joug time it was supposed that the air 
had the power of dissolving water, as water has the power of 
disBolving salt It is very easy, however, to show that tha 
air has nothing to do with the phenomenon, for if we place a 
small qnantity of water in the vacuum of an air-pump, we 
notice that the water continues to evaporate. If we fill a tuba 
80 centimetres in length with, mercury, and invert it in a 
cistern of that metal, we notice, on removing the finger, that 
the mercuty falls in the tube until it is about 760 millimetree 
above the level of that in the cistern. The column of mer- 
cuiy is balanced by the pressure of the atmosphere. If we 
now bring a di-op of water into the tube 
it rises through the mercury column, and 
we notice that almost immediately it 
reaches the surface, the mercurial column 
is depressed 10, 15, or even 30 m.ra. By 
fining another tube with mercury, invert- 
ing it and introducing into it a quantity 
of ether equal in weight to that of the 
water, we notice that a far greater de- 
pression occurs, the mercury in the tube 
ia now only 400 m.m. above the level of 
the cistern. This experiment shows that 
the depression of the mercuiy ia not due 
merely to the weight of the liquid, for 
equal weights of ether and water depressed 
the mercury 360 m.m. and 15 m.m. re- 
spectively. This power of depressing the 
mercury is due to the tension or elastie 
force of the vapour. We see that varioua 
vapours have very difilbrent tensions at 
the same temperature. 

The method employed by D.ilton to 
study the laws regulating this pho- 
ras very simple. A modified form of his 
I repi-eseated ia fig. 54. It oonsista of two 
barometer tubes, A and B, filled with mercury, and dipping 
into a quantity of the metal The two tubes are attoohod to 
a support so that they are maintiiued perfectly vertical. A 
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quantity of water is bi-ooght into A ; B sei-res to show; 
ibe pressure to which the vapour in A is subject at I 
moment of obBervation. The vessel containing the tubes i., 
filled with water, the temperatui-e of which is adjuBted to anjt] 
required degree by the addition of hot or cold water to i" 
The temperature is determined by a thermometer Buspende 
in the water. The difference between the levels of the twi 
columns of mercuiy repi-esents the tension of the aqueoui 
vapour at the observed temperature. The higher the tem-l 
perature of the water in the vessel, the gi'cnter i 
depressing force of the vapour. Tlius, at 10", it is found t 
exert a depressing force equal to 9 -2 m.m. of mercury ; at 20* 
IT'i m.TO.; at 30" 31'6 oLm. By a slight modification of tl 
apparatus it can be shown that water, even when sohd, 
perceptible tension; thusatO'iitsvapour tensio&is4'(! m.m.; at I 
- 1 2°-5 it is 1 '6 m.m.j and at - 33°-8 it is 0'3 m.m. By reason! 
of this elastic force, exerted even at very low temperatures, wa M 
notice that snow and hoar-frost gradually disappear, although I 
tbe temperature of the aii- may be considerably below O". " 

Regnault and Magnus have determined the tension of 
aqueous vapour at temperatures between —32° and 230° 
with great accuracy. The following table gives some of tha 
results of their investigations ; — 



T^p. 


V.K,.«-Tz™,™. 


Ttap. 


T.^„K 


Tutsios, 


M^m. 


Bsgmull. 


lUsn™. 


Rop.»u1t, 


. 


m.m. 


DLm. 


» 


m-n.. 


m.n,. 


-20 


0'BI6 


0927 


100 


760000 


7CO-000 


-10 


2'109 


2 093 


110 









4-525 


4600 


120 




1491 -280 


10 


9120 


9-165 
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2030-28 


20 


i7-3G9 


17-391 


140 




2717-63 




31-602 


31-548 


150 




3581-23 




54-969 


54 900 






4651-02 




9I9e5 


91'9S2 






5961-66 


60 


148 'oig 


148-701 


180 




7346-39 




232'60S 








9443-70 




35302fl 










90 


524-775 


025 -392 


210 


— 


14324-80 



n of ^mo^^ 
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Itwiltbenoticedthat, at 100°, the vapour-tension o 
ia exactly equal to the pi-essiire of the atmoapltere, namely, 
760in.iii. But at 100° water boila, We may say, therefore, 
that water hoila wJien its vapour-tension i» equivalent to Vie 
atmospheric pressure. What ia true of water in this respect 
is true of all liquids. The relation between the boiling-point 




Fg 5o 
ofahquidand the ]iessuie to which it is subject maybe 
ill istrated in a variety of ways If we heat a quantity of 
water to 50° or 60° and place it under the receiver of an air 
I ump ind rap dly e\I aust the a r we notice that the water 
commences to boil with as n uch energy as if ita temperatnn 
were 100° The apparatus rep esented in £g. 55 permits 
this lelation to he determined in a very clear manner. Th* 
flBEik A partially blled with nater, iB fitted with a oa<nit- 
chouc cDik through which a e nserted a thermometer and 
wide bent tube lead ng to a co densing arrangement Tba 
other end of the tube bts into a strong llask, which ia con* 
nectedwitl tUefilteii mpd bciibedonp.lOO. Theapparatns 
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t exhausted tiiitU the manometer Btands, say, at 720 m.m., 
when, if the water be gently heated, bubbles of vapour are 
observed to form within it, and when the thermometer is at 
30° or 35^, the water is in full ebullition, and it continues to 
boil regularly at this temperature bo long as the diminished 
pressure is maintained. By allowing a. little air to flow into 
the apparatus, the mercury in the manometer of course falls; 
ebullition at once ceases, and the liquid requires to be heated 
to a higher temperatare before it recommences to boil. This 
temperature depends upon the pressure which the manometer 
now shows to be within the apparatus. So long as this ia- 
creased pressure ia maintained, the liquid boils regularly at ft 
constant but higher temperature. Tlie relation between the-] 
pressure and boiling point may be also illustrated by the fai 
liar experiment of miiking water boil by placing it in conti 
with ice. A quantity of water in a flaak is made to boil] 
briskly, so as to expel all the air, and as the steam is rushii^j 
out, the flask is closed by a well -fitting caoutchouc cork. On 1 
removing the lamp, and inverting the flask, the water is 
to continue in stow and intermittent ebullition. This may 
be increased by blowing on the glass, and be restored to full 
energy if a piece of ice he placed on the bottom of the flask. 
£y cooling the glass, a portion of the steam condenses; this 
no longer exerts a tension or pressure on the snrface of the 
liquid, and the water recommences to boil under the dimin- 
iabed pressure. If the ioe be removed, the ebiUIitiou ceases 
after a time, on account of the production of fresh vapour, 
which, by its tension, prevents the liquid boiling at the tem- 
perature which it possesses ; but, on replacing the ice, a popi 
tion of this vapour is rccondenaed, the preasuro is agaitt 
diminished, and tlio liquid again enters into ebullition. 

As the pi*es6urc of the atmosphere is continually chimginL 
it is obvious that water cannot boil invariably at 100° : ift-| 
boils only at this temperature when the pressure is 760 m.n 
TTnder a pvessuie of 733 m.m., water boila at Oa" ; under 
pressure of 7iC-r> m.m., it boils at 99°-3; and under a pressure of 
762 m.m., it bods at lOO^'S. A difference of 27 m.m. in atmog- 
pheric presBure causes a difierence of about 1° in the temperar 
lure at which water boils. We see therefore how important. 
it is in graduating a thermometer to notice the height of thftJ 
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barometer at the time the upper fixed point is detennine^ ; 
for, if the pressure is only 733 num., the true temperature of 
the Bteam would be 99°, and therefore the space between the 
fii-eezing and boilijig points would have to he divided into 99 
instead of 100 equal parts. Aud since all places in the 
world are not under equal pressures of atmosphere, an ele- 
Tated place like Quito, which is2!)07 metres above the sea-level, 
cannot have the same weight of atmosphere pressing on it as 
London, which is only a few metres above the sea. The height 
of the barometer at Quito is only about 530 m.m. ; accord- 
ingly water boils there at 90^'l. On the summit of Mont 
Blujic, at a height of 4772 metres, and where the atmospheric 
pressure is only 417 m.m., water boils at 84°, a temperature 
at which its vapour tension is equivalent to 417 m.m. By 
detemiimng the temperature at which water boils at a given 
locality, we can estimate its height; instruments specially 
adapted to this purpose are termed hypsometric thei-mometers, 
from Ui/iDS, height, and lil-rpav, a measura 

"We have already described the method of determining tie 
boiling point of a liquid {see p. 35) ; we now see that, in 
addition to the coi-recdons enumerated, it is necessary to add 
another for variation in atmospheric pressure. The mean 
height of the barometer at the sea's level, viz. 760 m.m., is 
taken as the standard of pressure ; and as the vapour tension 
of only a few liquids is known, it is usually assumed that, for 
email limits of barometric change, a difference of 2'7 m.m. is 
equivalent to 0°'l C. Under ordinary circumstancos, the 
eii'or caused by the fact that various liquids have very 
different vapour tensions for the same interval of temperatmB 
is very small. 

Many other circumstances, in addition to external pressure, 
modify the boiling point of a Hqiud ; its internal pressure is 
not without influence. If we attempted to boil a coliunn of 
water 32 feet in length, wo should find that a temperature 
of 121" would be required before bubbles of steam would 
form at the bottom. The nature of the vessel also liae con- 
siderablo infiuence on the boiling point. If pure water bt 
beiited for some time in a perfectly clean finsk, its tcniperH- 
ture will fiequentJy rise to 105° or 110° without any sign of 
ebullition appearing. In a moment, however, an explotuTt 
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t cpf steam occurs (sometimea with such violence that the ^^^ 
flask is shattered to pieces), and the temperature of the 
■ liquid sinks to 100°. This boiling by succussion, as it is 
turned, is seldom seen in metallic vessels, or when the liquid 
is in contact with metal ; in order therefore to securo regular 
ebullition, it is customary to throw in a few scraps of platinum 
foil into the liquid. Indeed, any surface on which bulihles 
of vapour can collect serves to prevent irr^idar boiling; 
jagged fragments of quartz, pieces of glass, &c., may also be 
used. The presence of air oi' dissolved gas in tlie liquid also 
serves to promote regular ehullition ; a email Btreani of air 
bubbles drawn through the heated liquid is foiuid to be very _ 




The presence of soluble matter in it also influences 
boiling point of a liquid. The following table gives 
boiling points of coitain saturated solutions : — 



Sodium Carbonate, 104'6 4HS 

Sodium Chlgride 108-4 4r2 

Ptrtoaaiam Hitnite, IIS'O 3351 

Sodinm Nitrate 121-0 224-8 

Potatainm Carbonate, 133-0 205 

Caloioin Chloride, ITO'S 323-0 

A thermometer placed in the steam of such boiling soIutioM^ 
always indicates a temperature of 100°, when the barometer I 
is at 760 m.m, Kegoault has ahown, however, tliat a ther- 
mometer, surrounded with the steam ii-om saline solutions, 
cannot possibly give the true temperature of the vapoui-, for 
the reason that condensed water covei-s the bulb of the 
instrument : this boils off the surface of the bulb, and of 
course gives the temperature of 100°, the boiling point of 
pure w^r. Magnus haa proved that this explanation is the 
true one, for when special pains are taken to prevent the 
condensation of the water on the bulb, the thermometer 
acquires the temperature of the saline solution. 

Mr. Spenco has made the remarkable observation that, if 
steam at 100° be blown into a concentrated solution of 
n nitrate, the saline liquid acquires the temperature at 
h it ordinarily boils, viz., 121°-0. 
BV^nder certain circumstanct-s water may be heatod under tha 
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ordinary atmosjiheric preaaure far above 100° wittout entov 
ing into ebullition. When, heated in sealed tuljos, free from 
air, it may be raised to 150° without boiling. A certma 
mixture of oil of cloven and olive oil possesses the same 
specific gravity as \i"ater ; when water is dropped into such a 
mixture it ti^es a spherical form and swims beneath tha 
surface. The temperature of the oils may be raised even to 
170° ■without the water boiling, but if the superheated globules 
come in contact with the sides of the vessel, or if they be 
touched with a ghiss rod, they boil with expli 




Fig. M. 



Tt is possible to boil water at a low temperatui-e, and with 
Buch rapidity that the liquid portion freezes. A few 
drops of water placed on some badly conducting sui-face, and 
held over concentrated aulphnrio acid in the vacuum of on 
air-pump, may be rendered solid in the coui-se of a few 
minutes. This principle has been ai)plied by M. Cami in, the 
construction of ice-making machines. His apparatus is 
represented in fig. 56. The water to be frozen is placed in thg 
flask. A, which is connected with the reservoir, £, containing 
cencentrated sulphuric acid. On. exhausting the air witiun 
the flaak liy means of the pump, C, worked by the lever, I>, 
the water evaporates at a greatly increased rate, but as &st 
B3 the vapour is generated it is absorbed by the sulphurio 
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Fig. 67. 



In consequence of the diminished presswre, the water 
enters into ebullition, and the abstriuition of heat is so great 
that the still liquid portion congeals. The cryophonis of 
WoUaston, seen in fig. 57, may be made to 
illustrate the same phenomenon. It consists 
of two glass bulbs connected together by a 
wide t«he, one of which contains water. The 
space above the water is perfectly free from 
air, this having been expelled by boiling 
the water before the end of the apparatus 
was closed. The whole of the water ia 
brought into the bulb, A, and the empty 
bulb is placed in a, freezing mixture contained 
in a beaker. In a few minutes the water in 
A ia aeen to boil, and immediately afterwards to beccaae 
frozen. The vapour rising from the surfaco of the water in 
A is so rapidly condensed, that under the diminished pressure 
the water boils, and robs the non-vaporizing portion of bo 
much heat that it is unable to maintain its liquid condition, 
anil accordingly changes to ice. 

57, Natural Water.— When water is precipitated on tho 
earth's surface in the form of rain, it permeates it to a depth 
more or less considerable, dependent upon the nature of the 
strata through which it lias to make its way. When it 
meets with an impervious stratum it there aocumnlat«8 
until, finding a fissure, it ia driven up to the surface aa a 
epring. In consequence of the remai'kable solvent power of 
■water, it takes into solution portions of the earth with 
"wMch it comes in contact. Hence, when once pixicipitatcd on 
the earth's surface, water ia no longer pure. Natural waters 
may conveniently bo classified under the heads of rain, spring, 
river, and sea water. 

58. Rain vatei is the purest form of natiiral water. 
"When collected in vessels upon which it exerts no solvent 
action, it ia merely contaminated with the few impurities 
■which it may have derived ii-om the atmosphere in its down- 
■ward passage. 

fi9. Spring water inviiriably contains more soluble matter 
than rain water in consequejico of its having been in coi 
with the earth. The general character of l^e dissolved 
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Btanccs in spring water is uniform ; tie differences are ia 
amount and not in kind. The Bubatonces generally present 
are tlie aulpliates, carbonates, chlorides, eulphidM, and 
silicates of magnesium, calcium, potassium, sodium, manganese, 
and iron. These bodies are held in solution, partly by the 
peculiar solvent action of the Tvater, and partly by the aid 
of disBoIyed carbonic acid. In addition to these saline bodies, 
■we find organic matter and various gases — viz., osygen 
and nitrogen, carbon dioxide, and, more rarely, sulphuretted 
hydrogen. When a spring wat-er is bo highly charged with 
gaseous or saline matter that it becomes unfit for economic 
use, it is classed under the categoiy of mineral loateri. Such 
■waters are often highly prized for their supposed medicinal 
virtues. 

Great disparities exist in the depths from which springs 
rise. Natural or artesian wells have been sunk to a depth 
of 850 metres ; * and it is probable that many mineral waten 
rise &om even greater depths than this. Great variations 
exist also in the temperature of spring waters; some are only 
a few d^;ree3 above the freezing point, whilst others ai« 
extremely hot, like the Spriidel spring at Carlsbad in Boheania, 
which has a temperature of 75°. There ia an intimate con- 
nection between the depth from whioh a spring rises and its 
temperature ; the deepest springs are generally the hottest 
Springs rising below a certain depth are often unafiected in 
temperature by changes of season. 

Tins dissolved saline matter in fresh spring water varies in 
amount from '05 to 3 grams per litre, and the gaseous matter . 
from one or two cubic centimetres to 70 or 100 &c. per litra 
Carbon dioxide is the moat abundant gaseous constituent; in- 
deed, in many cases the whole of the gas present in spring 
Water consists of this substance. This carbon dioxide may 
be derived from subterranean processes of decomposition oS 
mineral matter, or it may fae obtained from the oxidation of 
orgajiic remains in the strata through which the -water 
pei-ootates. Except in accidental cases, the amount of orgMuo 
matter in spring water is very small. When in contact with 
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J ammal ot vegetable matter water always becomes 
mora or less contaminated with the products of decay, and its 
value for dietetic purposes becomes greatly impaired. Indeed, 
it may be asserted that water charged in any degree with tlie 
products of the decay of animal matter is prejudicial to health. 
Water contaminated with organic matter of animal origin 
inTariably contains albuminoid substances and ammonia, 
which by oxidation become changed to nitric acid. The 
amounts of these substances present in the water may be 
regarded as the measure of its impmity. 

60. Biver water, although originating from fresb water 
springs, invariably cootuina less soluble matter in a given 
volume than spring water. The greater portion of the water 
of a tiver ja derived fi-om surface drainage. The rapid motion 
of the. river, by which its water is continually brought in 
contact with the air, tends to throw out of solution the 
magnesium and calcium carbonates, which are held in 
solution by dissolved carbon dioside. The soluble matter in 
river water seldom exceeds 0'5 gram per litre, and in the 
generality of cases, and especially in that of rivers flowing 
over rocks, it is very much less than this amount. The 
amount of organic matter in river water ia invariably greater 
than in spring water on account of the large amount of sur- 
face drainage which fintia its way into rivers. Streams flow- 
ing through richly cultivated land, or in contact with humus 
or decaying vegetable matter, are frequently tinged with a 
more or less brown or red colour. The streams flowing 
through tiwpieal forests are often saturated with this colour- 
ing matter derived from decaying leaves, and are of a deep 
claret colour, Kiver water has seldom the clear spoi'kling 
appearance of good spring water, as it lacks the thorough 
reration and filtration which the latter has experienced. The 
quantity of suspended matter in the larger rivers especially is 
very great. Thus, in the Thames, it amounts to about 0'2 
gram per liti'c, whilst in the Mississippi it is 0*8 gram. The 
amount of the earth thus continually washed into the sea by 
rivers is enormous. The Amazon, at its mouth, is 70 miles 
wide, and has a mean depth of about 30 feet ; its sectional 
ai-ea therefore would be about 11,100,000 square feet. 
Supposing that it flows at its mouth at the mean velocity of 
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2^ miles per hour, nad tLnt it contains as 
■03 gram of suspended matter per litre, it may be readily 
calcnlatfd that the Amtizon discharges 1,870 tons of solid 
itter per minute, or in round numbers, 080 million tons 

L&ke water mcmifesta very wide differences in composition, 
are almost ns pure aa the water which flows in 
tod out of them ; others, lilte the Dead Sea and the Soda 
L«kes of Egypt, Mexico, ic., which appear to have no 
outlet, are strongly impregnated with saline matter. 

The following table, giving the composition of various 
spring, river, and lake waters, shows the essential differences 
in the natura of these varieties of natural water. The 
numbers give the amount of the several constituents in 1,000 
grama of the water. 




ij UanganegeOsJde,.. 

:oAcid (CO,^,.. 
ll^ioAoid(SO^),.. 
. OhlorinB 
Bromiiie, .. 
Sulphur 

Silioon Dioxide, 

Orgatiio Matter, 

Total Solid Watter 
obtained on Evaporation 



I. Ben Khyddlnir. Torkdiiro. 
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61. 8eawaterisesgentially&iniiieral water belouging to 
chlormatcd alkaline class, sodiuia chloride being ita 
constituent. The amount of solid matter in tho vater of 
oceaa far a'vray fi-om land is remarkahly constant : the mi 
quantity is about 35-976 grams per 1,000 grams of sea water, 
and its average epeoific gravity is 1 ■02975 at 0°, At the 
poles, however, the proportion of saline matter is eomewLat 
smaller, on account of the large quantity of iresh-water 
which is produced by the melting of the icebergs ; on the 
other hand, at the equator the proportion is larger, by reason 
of the i-apid evaporation of the water in tlie tropical regions. 
Hear the land the amount is generally below the mean 
quantity, from the influx of river water. In inland 
where the water carried off by evaporation is greater than 
that brought down by rivers, it is observed that the pro[>oiv 
tioa of solid matter is often considerably above the averagft; 
amount r thus, in the Mediterranean, it is about 40 grams paei 
1,000 of sea wat«r. la procesa of time the water of thej 
Mediten-anean would become as concentrated as that of th« 
Dead Sea, were it not for the strong currents which 
and out, to and from the ocean, through the Straits of Gibraltar, 
The foUowing table shows the composition of the water of 
the Irish Sea, collected in winter. (8p. gr. 1-02721 at 0'=). 

~ ■Water, 966-U0S4 

Saline Matter, coasting of — 

Sodium CUoride, 2G-43918 

Potarainm Chloride 0'T4fil9 

MBgneeium Broinide 007052 

Magneaiom Chloride 3-160S3 

Magnesium Sulphate, 2*06603 

Magneaium Carbonate, traces. 

Calcium Sulphate, 1'33158 

Caldum Carliooate, 004754 

lithium Chloride, tracea. 

Anunonium Chloride, 0*00044 

Magnesium Nitrate, 0-00207 

Silicon Dioxide, traces. 

Ferrona Coi-bouate, 000503 

33-8594G 





1000-00000 
ler, owing to greater evaporation, and to the 
lished influx of fresL water, the proportion of saline 
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matter in the Irish Sea slightly increases : thus, in 
of August, it was 34 '083 grams per 1,000 grams of sea water. 
In addition to the substances above enntuerated, we find 
in sea water minute quantities of fluorine and iodine 
(probably existent as calcium iodate), arsenic, silver, copper, 
lead, &o. 

In all probability, the greater portion of the aoliible matter 
present in sea water has been dissolved out of the eai'th by 
the action of rivera. The remarkable difTerencea in the com- 
position of river and sea water at first sight appear inconsia* 
tent with the belief that the sea is in great part concentrated 
liver water. If we compare the relative propoi'tions of 1h& 
principal constituents of the water of the Clyde, and of the 
Irish Sea (calling the amount of chlorine in each case 100), 
we have — 

CI. COj. SO^. Ca. Mg. Na. SiO,. 
HiverClyile. 100 377 95 218 57' 35 36 

IruhSea, 100 ti'ace. li 2 6'5 56 traca. 

t is seen that those substances which are brought down to 
the sea by the rivers in largest quantity, viz., the carbonio 
acid, lime, magnesia, and silica, are present in its water in 
the least proportion. These substances are exactly thoae 
needed by marine animals and plants to build up the inor- 
ganic structures of their frames. The abstraction of the 
earthy carbonates, and silica, from sea water is brought about 
by the vital processes of the organisms which exist in it. 

6S. Water for Economio aad Technical Purposes should 

of course be clear and free fi'om suspended matter, especially 

of animal or vegetable origin. On this account, the water of 

Eprings, which experiences a process of natural filtration, ia 

memlly preferable to that of rivers, which usually contains 

inch suspended matter, derived fi-om surface drainage. 

"ithin certain lirai1*i, the smaller the amount of soluble 

.tter contained in the watei-, the more applicable it is to 

tcconomic pm-poses. Far more, however, depends upon the 

Tnature of the constituents than on their amount. Waters 

'are familiarly spoken of as "hai-d" and "soft" These terms 

have reference to their behaviour with soap. Hard water 

contains lime and magnesia salts, which decompose soap, 

which is essentiidly an alkaline steai-ate, to form calcium and 
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magnealum Btearates. These Bubatances constitut« the tl 
pellicle or scum seen on ihe Eurf ace of hard waters vhen treat 
with soap. Before it is possible to obtain a " lather " with 
bard water, it is necessary to convert the whole of 
careous and magnesian salts present in solution into icsolnbl 
stearatea. Since tbeae stearatea have no detergent action, t' 
presence of large quantities of salts of tbe alkaline eartLa 
a water seriously impaixs its economic value. 

It is well known that sorae waters may be partially 
soltened on boiling, which causes tbe precipitation of calcium 
and magnesiiun carbonat«s irom their solution in carbonic 
acid. The hardness of other waters, however, is in no degree 
lessened by heating. Such waters contain sulphates of cal- 
cium and magnesium, which are held in solution by the 
vent action of the water alone. Water rich in I' 
when heated in steam boilers, tends to form incrustations oif 
the plates, which greatly interfere with the regular and 
economical production of steam. 

Water, to be suited to general economic purposes, should 
not contain more than 0-7 gram of soluble matter per litre; 
indeed, the better kinds of water, those, for eiample, which 
constitute the supply of our largo towns, contain very much 
less than this amount ; thus, Loch Katrine water, as supplied 
to Glasgow, contains "0 3 grams, and the Man cheater water supply 
■07 gram per litro. The presence of organia matter in water 
exercises a much greater influence on its value for dietetic 
purposes than either the amount or nature of the saline 
constituents. It is difficult to state tlie precise amoimt of 
organic matter wliich may be contained in water used for 
drinking without evil resulting, since very much depends 
upon its specific nature. It is unequivocally established, 
however, that dissolved organic matter of animal origin is ia i 
certain stages of its decomposition highly injurious. The) 
prevalence of epidemic disease has in many casca been tracodl 
to the contamination of water used for drinking with sewage 
or effete animal matter. 
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63. Hydrogen Dioxide. — This oxide of hydrogen ■ 

discovered by Thenard, who prepared it by decoin|josiiig the 

peroxides of the olkaljae or allcaliae-earth raetals with ft 

dilute arid. In the case of the barium peroxido and hydro- 

L chloric acid the reaction may be thua repi'eaentod — 

I EaO, + 2HC1 = BaCl, + H.Oj- 

' Barium peroxide may bo obtained by gently heating causlio 

baryta (barium monoxide) in a stream of ozygea, free from 

moistiire and carbon dioxide. An additional atom of oxygen 

is eagerly taken, up by the monoxide, the progress of the 

' absorption being rendered evident by a slight change in 

I colour which gradually creeps over the heated mass. To 

I prepare hydrogen dioxide from this compound, 1 2 grams of 

the barium peroxide in &iq powder are added to a dilute and 

ice cold solution of hydrochloiio acid, made by adding 20 c.c. 

of the strong acid to 200 ao. of water. The powder disBolves 

without effervescence ; a quantity of dilute sulphuric acid, 

Buffioient to precipitate the barium in solution, is now mlse^ 

L ■with the liquid, after which 12 grams of the powdered 

I barium peroxide are again added, and the dissolved barium 

I again precipitated by the cautious addition of dilute aulphurio 

I acid. This process of solution and precipitation of the barium. 

I is repeated until about 100 grams of the peroxide have 

I been employed. The liquid must occasionally be filtered 

I fi:om the precipitated barium sulphate. The hydrochloric acid 

I in solution is precipitated by agitating the liquid with silver 

I sulphate, whereby insoluble silver chloride is formed which 

I may be removed by filtration or decantation ; the sulphuric 

I acid now in solution may be removed by agitating the liquid 

I with recently precipitated barium carbonate. A dilute 

I aqueous solution of tiydrogen dioxide is ultimately obtained, 

I which may be concentrated in vacuo over strong sulphuric 

I acid. For lecture illustj-ations hydrogen dioxide may be more 

I conveniently prepared by adding the barium peroxide to a 

I dilute and weU cooled solution of hydrofluoric acid contained 

I in a platinum dish. Insoluble barium fiuoride is precipitated, 

I and hydrogen dioxide passes into solution. It may also ba 

I readily obtained by adding (wtasaium peroxide {obtained by 

I directing a atreani of air upon fused pota.oaium contained in a 
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porcelain crucible) to a weU cooled Bnd moderately concen' 
trated solution of tartaric acid, wlieo potaBaium tartrate is 
precipitated, the hydrogen dioxide remaining in solution. 

Hydrogen dioxide constitutes a remarkable esample of tha 
modifyiitginfluenceof chemical action. Although the substance 
contains exootly the same elements im water, its propertiea 
are entirely dissimilar from that liquid. When concentrated 
aa far as possible, it possesses a spcciEc gravity of l-i5, and 
remains liquid at— 30° ; it may bo vaporized in the vacuum 
of an lur pump, but, when heated, it is readily decomposed. 
Even at ordinary temperatures it commences to pai-t with a 
portion of its oxygen; and at 50" or 60" it is thrown into 
violent ebullition, accompanied by the production of light 
and heat, fi-om the rapidity with which the oxygen is dis- 
engaged : after a time the evolution of gas ceases, and pure 
water remains. Concentrated hydrogen dioxide has a strong 
Litter (jiate, similar to that of tortar emetic : it whitens the 
tongue and thickens the saliva, and, when placed on the 
hand, it instantly bleaches the cuticle, and produces violent 
itching. 

From the facility with which it gives up half its oxygen, 
hydi-ogen dioxide acts as a powerful oxidizing agC'nt. Its 
reactions in this respect are analogous t^ those of ozone. 
Under certain cii'cumstances, however, hydrogen dioxide, 
like ozone, may act as a reducing agent : thus, ozone and 
hydrogen dioxide are mutually decomposed when in contact, 
oxygen and water being produced ; HgOj + Oj = HjO + 2 " 
Similarly, hydrogen dioxide reduces manganeise dioxide to 
Etato of protoxide, cliromiuni trioxide to seaquioxido, 
silver oxide to the metal. 

H,0, = MnO + H~0 + 0,. 

3H,0, = Cr,0, + 3H,0 + 3 0,. 

ZAgO + H,0 = Jig, + H3O + 0,. 

IB reduction of chromium ti-ioxide to tlia state 
eesquioxide is not instantaneous ; the first action of the 
dioxide produces by oxidation an unstable pcrchi-omie oxide 
of a bright blue colour, which dissolves in ether, to which it 
communicates its colour. This reaction affords a means of 
detecting hydrogen dioxide in solution : a small quantity 
ether is added to the liquid, which is then mixed witli a ' 
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drops of a. solution of chromic acid, when the pregenee of ^e 
dioxide ia manifested by the formation of the deep blue 

^_ It will be noticed that. In the method of preparatloB above 
^K described, cilto b taken to maintain an excess of acid in the 
^H solution ; the powdered barium peroxide is added to the acid, 
^^B and in small portions at a time. An excess of the alkaiine 
^^H; peroxide brings about the decomposition of the hydrogen 
^^^ dioxide already formed. Peroxide of pot&ssium, for example, 
^^B ie converted by contact with water into potassium hydroxide 
^^K and hydi'ogen dioxide, which ia immediately decomposed by 
^^1 the lUJcali with evolution of oxygen. 

^^M A solution of guaicnm, mixed with blood corpuscles, or with 
^^B infusion of malt, becomes blue on the addition of a solution 
^H of hydrogen dioxide ; it is said that one part of tiie dioxide 
^H.in 10,000,000 parts of wat«r maybe detected by this test 
^H (Schonbein). 
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64. ZiflWB of Chemical Comlii&atioii.— The study of the 

preceding compounds, and the exaniples of chemical afiinifry 

contained in the foregoing pages, will Ber\'e to facilitate the 

explanation of cei-tain general laws of chemical combination 

and decomposition, with which it is desirable that the student 

should make himself familiar as soon as possible. 

The first is called the Law of Constant Proportion. It 

L-may be thus expressed :— The same body is invariably com- 

1-posed of the same elements united in the same proportion, 

I Potassium cliloi-ate, for example, whatever may be its 

I origin, is invariably made np of potassium, oxygen, and 

I dilorine, combined together in the proportion of 3f'l parts 

i" by weight of potassium, 48 parts by weight of oxygen, and 

1 .35'5 parts by weight of chlorine. Phosphonis ])entoxide, 

I whether formed by burning phosphorus in the air, or in pnra 

[ oxygen, ia invaiiably composed of oxygen and phosphonu 

I nniteil in the pi-ojioiijon of 80 paiia by weight of the fonner 
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^To 62 parts of the latter. The carbon dioxide produced by^^| 
the combustion of a paraffia candle in air is identical in com- 
^(oaition with, that formed by burning charcoal in oxygen, or 
with that given out on breathing. It is composed of 12 
parts by weight of carbon united to 32 parts by weight of 
osygen. 

Thia constancy in the composition of a chemical compound 
enables na to express, in the form of an equation, the mode 
in which it is decomposed under the influence of various 
forces, or by the action of different reagents; it enables us 
also to calculate the amount of the products resulting from 
the decomposition of a given quantity of the substance. The 
law lies at the base of the principle of our methods of quan- 
titative analysis. Thus, if we have occasion to analyze 
common salt (NaCl), we can combine the sotliiun with sul- 
phuric acid, and liie chlorine with aUver; and, from the 
weight of the sodium sulphate and sUver chloride produced, 
■we can calculate the weights of sodium and chlorine origin- 
ally contained in the salt, from the knowledge that sodium 
Bulphate is invariably made up of 46 parts by weight of 
sodium, 32 pai-ts of sulphur, and 64 pai-ts of oxygen ; and 
that silver chloride is always composed of 35'5 parts by 
weight of chlorine united to 108 parts of silver. From this 
uniformity in the composition of the silver chloride and of 
the sodium sulphate, we can make use of these compounds to 
determine the qiiantity of chlorine and of sodium, not only 
in sodium chloride, but also in other suhBtancea in which 
these elements may be separately or collectively present. 

The second law of chemical combination is known as the 
Law of Unltiple FropOTtion. It may be thus formulated: 
— When an element unites with another in difTerent pro- 1 
portions, the bighei proportions are invEiriahly multiple ~ 
of the lowest. 

We have an instance of this law in tlie case of the twi 
ojddes of hydi'ogen, the composition of which we have thi^ 
represented : — 

Hytlrogen manoxidB contiuns 2 parts of liydiMgaiito 16 parts 
of oxygea. 
I Pytlrogen dioxide contains 2 p,irta of hydrogen to IG x 2, or 
32 parts of oxygon. 
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A Bti-iking example of tbe law is Been in tlie series of t 
[■ oxules of nitrogen. Tho cximposition of these sutstances, 
p five in number, is as follows ; — 

1. Nitrogen monoxide coct^inaSSpai'taby weightof Hto lOpaitai 

2. Nitrogen dioi ids ,, 28 ,, „ 
8. Nitrogen trio side „ 23 „ „ 
4. Nitrogen totroJiilo „ 28 
G. Nitrogen peatoxide ., 23 „ ,, 

The propoi'tion of nitrogen in these compounda i3 the same 
in all, whilst that of the oxygen is increased by successive 
additions of IG parts by weight. No oxide of nitrogen is, 
towevcr, composed of 23 paila of nitrogen to 17 of oxygen; 
if the amount of oxygen is greater than IS parts, it cannot 
be less than twice 16, or 32 parts: if it is greater than 32 
parts, it cannot be Itiss than three times 1 6, or 48 parte j and 
so <m. 

The same law holds good in every series of chemical oom- 
pounda, although in some the relation is not quite bo simple 
as in the cases above given. 

The thinl law of chemical combination is styled the law 
of reciprocal proportion, and may bo thus stated ;— If two 
bodies, A and fi, separately combine with a third body, 0, 
the proportions of A and B which unite with C org 
measures or multiples of the proportions in which A and 
B combine together. 

Thus, 35 -C paitsof chlorine, and 1 27 parts of iodine, separately 
combine with 23'1 parts of sodium to form the compounds 
sodium chloride Nb, CI, and sodium iodide Nal. But 127 
partB of iodine unite with 35'5 parts of chlorine to form tho 
chloride of iodine ICl. Two pai-ts of hydrogen combine with 
16 parts by weight of oxygen. Hydrogen unites with 
cihlorine in the proportion of 1 part by weight to 35'5 parts. 
Chlorine and oxygen combine together in the proportion of 
71, i. e., 35-D X 2 parts of the former to 16 parts of tho 
latter. Moreover, hydrogen chlorine and oxygen ore capaUe 
of existing in union together to form the compound knova 
as hypoelUorous acid (HCIO), which is made up of 1 part 01 
hydrogen, 35'5 parts of chlorine, and 16 parts of oxygen. 

65. Atomic Hypothesis. — These laws, it must be care- 
fully bome iu mind, embody tho results of experiment aiid 
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ration, and are independent ot any tlieory of tlie con- 
stitution of matter. Tliey were fii-at distinctly enunciated by 
Dalton, who revived what is known as the al«mic hypothesis 
in oi-der to account for the facts which they express. Ancient 
philosophers were divided in opinion on the question of the 
finite or infinite divisibility of matter. The Epicureans held 
that matter was incapable of infinite division, and tliat, even 
if we possessed the mechanical appliances to make the 
minutest possible subdivision, we should at length reach 
point at which the particle would resist all attempts to etfe 
its further subdivision. These ultimate particles ar 
atoms (from A, privaiive ; and tijivb, to cut). Dalton 
in ISOi-S, to the resuscitation of this hyjwthesis in order 
explain, in the first place, the difierence in tl 
of light carburetted hydrogen and defiant gas, both of whi< 
gases he had analyzed and found to consist of carbon ondj 
hydrogen united in different propoi-tiona. The relation i 
these elements in the two compounds exproHsed centef 
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Dalton found, however, that these ratios might be repre- 
sented in a much simpler manner. Ho observed that the 
rntio of the hydrogen to the carbon in the light carburetted 
hydrogen was exactly twice as great as the ratio between the 
Bame elements in the olcfiant gas. In the olefiant gas 
relation of carbon to hydrogen was as 6 to 1, whereas in 
marsh gas it was as 6 to 2. To explain this circurastan( 
Dalton supposed that chemical combination consisted in t 
union of the amali indivisible particles called atoms; olefiant 
gas he assumed to be made up of an atom of hydrogen weigh- 
ing 1, united to an atom of carbon weighing 6. Since an 
atom is indivisible, the nest higher combination of hy- 
drogen with carbon must be 3 atoms of the hydrogen 
of the cwbon. He tlma graphically represented the 
position of the two gases : — 
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For reasons which will be explained hereafter, we are no# 

of opinioa that olefiant gas is more correctly represented by 

the formula CjH^, two atoma of carbon each weighing 12, 

. being united to i atoms of hydrogen each weig hing 1, So 

L also light carburetted hydrogen is now assumed to be made 

■ up of one atom of carbon weighing 13, combined with i 

■ atoms of hydrogen each weighing 1. But it will bo ob- 
liBerved that this manner of representing the composition of 

■ the two gdaea in nowise disturbs the ratios of carbon and 
Kjiydrogen as given above; in the farmer compound it is still 
I as 6 to 1, and in the latter as G to 2. 

I Dalton further found that the same quantity of hydrogen 
I which combined with 6 parts by weight of carbon to form 
I olefiant gas, also combined with 8 parts by weight of oxygen to 
I form water. Accordingly, he represented water by the Bym.bol 
I ®® , and supposed that the atom of oxygen was 8 times 
I heavier than the atom of hydrogen. Extending hia obser^ 
I yations, he next discovered that the numbers which repre- 
I sented the praportiona in which carbon and oxygen united 
I with hydrogen, also represented the proportioua in which 
I carbon and oxygen unite among themselves. Only two 
[ oxides of carhon aro known. In the first, which we call 
I carbon monoxide, the proportion of carbon to oxygen is as 9 
I to 8; in the second, known as carbon dioxide, it is as 6 to 
I twice 8, or 16. 
I Dalton thus represented the composition of these gases;—- 

I Ciubon mouojdde, ©® 

I Carboa dioxide, ©g® 

L Since an atom is indiviaihle, no oxide of cai'bon can be 
I formed in which the proportion of oxygen is other than a 
I multiple of 8, when the weight of the carbon is taken as 6, 
I and that of hydrogen as 1. We are to-day of opinion that 
I that amount of hydrogen which unites with the 2 atoms 
I of carbon in olefiant gas also imites with 2 atoms of 
I oxygen, each weighing IG, to form 2 compound atoms or 
I molecules of water, agi-eeing with Dalton'a observation that 
I the numbers which represent the i-atioa in which carbon and 
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oxygen unite witli hydrogen, alBO repreacnt the ratios 
which carboa aad oxygen nnit« with ono another. 

From the table o£ the ci^mposition of the oxides 
nitrogen given above, we find that the proportion of oitrogea 
to oxygen in the first member of the series is as 2S to 16; 
this compound is made up of two atoms of nitrogen, ench weigh- 
ing 14, combined with an atom of oxygen weighing 1*, thus, 

(nJn)® • Ihe next higher oxide must I'esult from the 
approximation of another atom of oxygen, also weighing 16. 
Hence nitrogen dioxide may be represented by the symbol 
[nISJ®@ , and as the result of experiment we find 
that the relation of the weight of the nitrogen to that of the 
oxygen in this body is as 28 to 32, i, c, li x 2 to 16 x 2. 
The next oxide must, in Uke manner, be formed by the ad- 
dition of an atom of oxygen to tho preceding body. Accord- 
ingly, it would be represented by the symljol ®1nX5)§)@ ; 
and we act\ially find on analysis that It is made up of 
nitrogen and oxygen in the proportion of 28 parla of the one 
to 48 parts of the other, i. a, aa 14 x 2 to 16 x 3; and bo 
on with the remainder of the oxides, each successive oxide 
being formed by the approximation of an additional atom of 
oxygen weighing 16. In like manner all the elements have 
particular numbers attached to them which are termed their 
atomic weights; the proportions by weight in which they 
combine together ai-e always in the ratios of these numbers, 
or of certain multiples of them. 

The foregoing iaws of combining proportion are the esprea 
sion ot well ascertained facta, and as such admit of no question. 
Dalton's explanation of them, however, being based njHm 
pure hypothcHis, is not universally accepted by chemists. 
Davy, who objected to Dalton's doctrine, proposed to substi- 
tute the word " combining proportion" for that of "atom,'' 
&nd although the latter term is still in gcnei'al use among 
chemists, it has iii great measure lost its original materialistic 
meaning, and is used by many in an abstract sense, as express- 

t merely the suiallest indivisible proportion by weight 

"' 'i an element goes in and out of combination. 

3 ratios in which the various elements combine wilt 
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■I as fixed witlun compaRl' 

We an wan tiwt 35 -5 approxioiatel; 

biniug pRiportioB of chlorine, vheu 

■ M vaitf. StiU, aa our methods of expcri- 

MMiliiig faeeoma nan it£aei, iMd enais of observation are 

dimOMted, ve naj eems to ngud 35-16 as a more correct 

reprea en ta t ioo of the atwaie ^re^t of chlorine than 35-50; 

■ « more ligorons siulvsis trf vster may even show that 

ftlS'96 more accnnitely expccssa the atomic weight of oxygen 

' 16. Eat, as the student will have gleaned from the 

»Iing pMTigraphs, chemists have not always been agreed 

> take the particular nttmbers giTvn in the table on p. 16, 

I the relative atomic weights of the elemejtts. Formerly 

6 atomic weight of oxygen was held to be S, and that ol 

rearboa G, hydrogen being I; to-day we are of opinion that 

Iho numbers 16 and 12 more correctly represent tie atomic 

weights of these elements. It is necessary therefore to 

explain the reasons which guide chemists in the selection of 

one of eeveral possible ratios as the atomic weight ot an 

Lelement. The selection is bn^ed paa-tly upon chemical, and 

Kwrtlyupon physical considerations. That particular ratio is 

Vtliosen which (1.) Enables the combinations of the body to be 

tftEpressed by the eimplest series of formulae, capable of illns- 

■jtrating their decompositions and their analogies to other 

Ktompounds; and (2.) Which is in accord with its physical 

Rrroperties, specific rolume, specific heat, isomorphism, &c. 

HBtill we must premise that it is not invariably possible to 

Bflnil a value wliich satisfies all these rcquii'ements, and conse- 

Rpiently we are sometimes driven to select certain of them ax 

Bniteria. Now, chemists are not agreed in the adoption ot 

■Iho criteria, for the reason that it is impossible t« decide npon 

Uki'ir relative importance In cases of disparity some prefer 

Ma baso their determination upon purely diemical considera- 

■ttNiH, aiich ns the chemical properties of the element, the 

By tfthi^itti and metamorphoses of its compounds, &c.; whilst 

Bmtmre give the pre-eminence to the physical relations of the 

Hkltiitp> M, for example, its specific heat and specific volame. 

BpKSAnUiixly, it sometimes happens that two difierent numerical 

HifettM (xi'iiicJi, hoirever, have genei-ally some simple relation 

^Myfii' MMl)»r) are given to one and the same element. 
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^^ we proceed to aliow Low tlie atomic weight of tLf 
typical elements, hydrogen, oxygen, nitrogen, and carl 
may be deduced from chemical considerations. 

1. When hydi-ochloric acid is brought into contact 
fio<Iimn, the whole of the hydrogen of tbe acid is expelled, 
and Bodimn chloride ia formed. 36-5 paa-ta of hydrochloiie 
aoid, made up of 35-5 parte of chlorine and 1 part of hydro- 
gen, produce, with 23 parts of sodium, 1 part of hydrogen 
gas and 5S'5 parts of sodium chloride, composed of 35'5 parttf 
of chlorioe and 23 parts of sodium. Tin hydrogen in hydi 
chloric add ia indivisible; no reaction is known in which 
hydrogen is expelled in successive stages. 

3, With ■water, however, the case is different. If sodii 
■bo thrown upon this liquid, we notice that 1 part of hy( 
gen will be evolved by the decomposition of 1 8 parts of water^ 
and that 1 part will remain in combination with the 16 parts 
of oxygen and the 23 parts sodium to form sodium hydroside, 
which may be obtained on evaporation. If tlie solid sodium 
hydroxide be heated with a second portion of sodium, the 
second moiety of the hydrogen will be exiJoUeJ, and sodium 
monoxidii will be obtained. 

Wo notice, therefore, this striking difference in the Lehavioi 
of sodium towards hydrochloric acid and water, — that when 
in the case of water the hydrogen is expelled in 
stages, perfectly distinct froia one another, in t 
liyirochloric acid the hydrogen is eliminated ia a single staga- 
Hydrochloiic acid is made of one indivisible part or atom of 
hydrogen united to 35-5 pai-ts of chlorine; wat«r is composed 
of two indivisible parts or atoms of hydrogen united to 16 
parte of oxygen. This quantity of oxygen is the smallest 
indivisible weight of oxygen which can enter into the abova 
reaction; accordingly, this weight of oxygen, 16, is regarded; 
as the atomic weight of that element. A comparison of ^ 
great nnmbcr of chemical reactions has served to verify this 
conclusion, that 16 parts is the smallest indivisible proportion 
of oxygen which entera into or goes out of chemical combina- 
tion. We find that the quantity of oxygen in all oxidised 
bodies may be represented by 16, or some multiple of 16 
parts; and that if the membeiti of aseriesof bodies differ from 
one another in the amount of oxygen which they contain, thi 
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difference amounts to IG parts, ortoBomemultiplt 
"We have Lad illustrations of this fact in the caae of the osides 
of hydrogen and of the oxides of nitrogen; it is also evident 
from the composition of the following series of bodies : — 

Pataaainm chlorido, compoeed oC 39'1 parts of potassium aod 
35*5 parts of chlorine. 

Potassiam bypnchlorite, composed of 39'1 piirts of pntasaiain,. 
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3S'5 partB of cUarino, and 32 ports of oxygen. 
Potassiam chlorate, compoeed of 39'1 parts of poCasainia, and' 

35'5 parts o£ cidorine, and 48 parts of oxygen. 
Potaasiam perchlorate, composed of 301 parts of potassinm, 

and 35'5 parta of chlorine, and G4 parts of oxygen. 

We are not acquainted with any compounds iu which the 
amount of oxygen is intermediate between that of any two 
consecutive members of the above series, nor have we any 
reason for believing that SHch will be discovered. 

3. The atomic weight of nitrogen was formerly regarded 
es 4-67, but all chomista are now agreed to represent thia 
weight by 14 — i. e., 4'67 x 3; thia being the smallest 
indivisible part of nitrogen which goes in and out of com- 
bination. "We can replace the hydrogen in ammonia — tha 
hydride' of nitrogen — by thirds ; that is, the quantity of 
hydrogen contained in ammonia may be divided into threa 
equal pai'ts, which can be expelled in three successive stages 
of a reaction. We must admit, therefore, that the molecule 
of ammonia must contain three indivisible proportions or 
atoms of hydrogen, just as we believe that the molecule of 
water contains two atoms of hydrogen. On heating potaa- 
sium iu ammonia gas a compound is formed termed potaaa- 
amine. This substance is derived from ammonia by the 
replacement of one-third of the hydrogen by potassium. By 
continuing the action of the potassium a second and a third 
proportion of hydixjgcn may be expelled, and eventually % 
compound termed tripolagsandne is formed, iu which the 
proportion of the alkaline metal is three times as gi-eat as in 
the first named body. Seventeen parts of amiuouia are there- 
fore made up of 3 parts of hydrogen and 14 parts of nitrogen. 
This weight of nitrogen is the smallest indivisible proportion 
of that elumoat which con asust. V.'houcvoi' 
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liberated from, or introduced into, a cBemical compound we 
lind that the amount which reacts is invariably li parts by 
weight, or is some multiple of 14 parts. 

4, Tumjng our attention to carbon, the nlomic weight of 
whicli was formerly regarded aa 6, we wish to show tliat thia 
weight is more justly repreaonted by 12, We find that the 
combination of carbon and hydrogen, termed methane of 
marsh gas, contains i indivisible parts or atoms of hydi-ogen, 
since we can successively replace one-fourth, one-half, tliree- 
fourths, or the whole of the hydrogen by certain other 
elements. Thus, with chlorine, we can obtain the following 
derivatives : — 

Methane CHj. 

Chlorometliaao, CHjCl. 

Diohloromethane, CHjCI,. 

TricbloromethanB CHClj. 

Tetraohloromethane, CClj. 

Sizteea parta of methane are therefore made up of 4 parts' 
weight of hydrogen and 12 parts of carbon. Thia amount 
carbon — 12 parte by weiglit — b the smallest indivisit' 
poi-tion of carbon which unites with hydrogen, and ah 
chlorine. It is likewise the smallest quantity which 
with 16 parts by weight of osygen, or with 14 parts of' 
nitrogen. Moreover, we find that in a series of carbon com- 
pounds, the difference in the proportion of carbon contained 
in the various members may invariably be represented by 12 
parts, or by Bome multiple of 12 parts, by weight— never by 
a less quantity. We are accordingly obliged te admit that 
the relative weight of the smallest indivisible portion, or in 
other words, the atomic weight of carbon, must be 12. 

66. Detemunation of Atomic Weight from Speciflo 
Volume. — The observation of the vaj)our density of an 
element afibrda one of the most important means of con- 
trolling its atomic weight. We have already stated (p. 49) 
that if we take the weight of a given volume of hydrogen aa 
tmity, experiment shows that the weights of the same volume 
of the various elementary gases are expressed by the numhera 
we have already selected aa i-epresenting their atomic weights. 
Thus 11 "19 litres of hj'drogen measiu'ed at 0° and under a 
pressure of 7 60 m.ni. of mercmy weigh 1 gram. ; 11 ■! 9 litres 
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of oxygen, nitrogen, and chlorine, measured under tte B 
conditiona, ■weigh 16, 14, and 35-5 grama reBpectively, The 
Bpecific gravities of the nndemoted elements, wheu in the 
state of gas and measured under identical conditions of tem- 
perature and pressure, are observed to be respeotiTely as 
follows : — 











Nitrogen, 

Phoaphorufl,... 


14 
15-5 = V 






Seleniam, 


79-5 


£e::;::;;; 






80 


32 


Mercury, 


100=» 


Chlorine, 


35 5 


Iodine, 


127 


Araemu, 









It ia evident, therefore, that if, as we have every reason from 
chemical considerations to believe, the relative weights of the 
atoms of hydrogen, oxygen, nitrogen, and ciilorine are re- 
spectively 1, 16, 14, and 35. S, then equal voiumes of these 
several gases must contain tlie same number of atoms, when 
measured under identical conditions. If we assume that 
what is true of hydrogen, oxygen, nitrogen, and chlorine is 
equally true of any other element when in the state of gaa, 
it is further evident that the determination of the specifio 
gravity of an element when in the gaseous state may give us 
a means of estimating its atomic weight in cases where 
chemical considerations fail to indicate tlie precise number. 

In two or three instances, however, which are quoted in 
the above table, it appears that the relative vapour density oi 
the element does not agree with the number which we have 
prefoiTed as representing its atomic weight. Thus the atomio 
volumes of phosphorus and arsenic are only one-half of that 
of hydrogen ; in, order, therefore, to make their atomic 
weights coiTespond with their atomic volumes we should have 
to double the commonly received niunbei's; P would thus 
I].3come 62, and As 150. But all chemical consideratio^is and, 
witli this exception, every physical one, are in favour of S 
31, and As 75, The atomic volume of sulphur was at one 
time regarded as anomalous, but later expeiinients have 
shown that when its vapour is heated sufficiently high, iti 

• The experlmenta of Meeara Bewnr A Dittmar (Proc. Eoyal Soc, 
1S73), i^ilaimy iudicate that the vapour deusity of potoKium a QonnoL 
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■"Seneity agrees -with ilie number demanded Ly its atomia 
veigiit^ At temperatures but little above its boiling point, 
an atomic proportion of eulphur-vapour occupies on]y | the 
bulk of an atomic proportion of hydrogen under the same 
conditions ; at 1000°, however, 32 parts by weight of sulphur 
and 1 jvirt by weight of hydrogen occupy the same voluma 
We have already Been that the liquifiable gases in the neigh- 
bourhood of their points of condensation exhibit marked 
deviations from the physical laws affecting peifect gases; it 

■ is only at temperatures very remote from that at which they 
become liquid that they conform to the laws of Charles and 
Boyle. It may happen, therefore, that at temperatures 
higher than those at which the observations have hitherto 
been made, that the vapour of phosphorus and arHenic, like 
tliat of sulphur, may be found to confoiin to Ampere's law. 

The formula of a compound substance represents the num- 
ber of the elementary volumes which constitute it Thus, 
the formula HOI denotes that this gas is made up of 1 toL 
of hydrogen united to 1 voL of chlorine, forming 2 vols, of 
hydrochloric acid gas. The formula HjO shows, as indeed 
we have experimentally learned is the case, that 2 vols, of 
hydrogen unite with 1 vol. of oxygen to form 2 vols, of 
BteauL So also tlie formula NHj denotes that 1 vol. of 
nitrogen unites with 3 vols, of hydrogen to form 3 vols, of 
ammonia gas. Accordingly, the specific gravities of these 
bodies — hydrochloric acid gas, steam, and ammonia gas — 
must be the halves of their atomic weights when hydrc^en 
is token as the unit of weight and volume. It is obvious 
that, if 2 vols, of hydrogen, each weighing 1, imit« with 1 
vol. of oxygen weighing 16, to form two vols, of steam, 
together weighing IS, thea one vol. of st^am must weigh 9; 
in other words, steam must be nine times heavier than 
hydrogen. What is true of steam is equally true of am- 
monia and of hydixKihloric aeid, which are respectively found 
to be 8'5 and 1825 times heavier than hydrogen. It is true 
of the great majority of compound substances thai llieir 
vapour densities are tite Italvea of l/ielr molecular vieighU. 

It will be also obvioua that, if we know the weight; of a 
given volume of hydrogen at a definite t^mpei-ature and 
ju'essuie, say of 1 litre at 0° and 760 mja., wa can teadily ■ 
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calculate the weight of & litre of any simple 
gas when we know ita atomio or molecular weiglit. In. the 
case of a, simple gas, we have only to multiply the atomic 
weight by the crit/i, or 0-080C, the weight in grams of 1 
litre of hydrogen at 0° and 760 in.ni. Thus — 

1 litre of osygon, at 0° and 7G0 ri.ra., weighs 16 x OflSSG 

= 1*4336 gi-anis. 
1 Utre of nitrogen, ot 0° aud 760 m.m., weigha 14 x OOSOG 

= I '2544 grama. 
1 litre of oWorine, at 0° and 760 m.m., weiglia 35'5 x 0*0896 
= 31808 grama, 

To obtain the weight of a litre of compound gas, we mul- 
tiply half its molecular weight by the crith. 

Thus the molecular weight of water, HjO, 13 2 + 16 or 18; 
the weight of a Utre of steam, on the assumption that it 
could be cooled down to 0" without condensing, would be 
\p X 00896 = 0*806i gram. 

So, also,- the molecular weight of ammonia, NHg, being 
14 + 3 or 17, the weight of a litre of ammonia gas is 
y X 0'0896 = 0-6708 gram. The molecular weight of 
hydrochloric acid gas, HCl, is 1 + 35-6 = 36*5; accord- 
ingly, the weight o£ 1 litre ol this gas is -5- x 0'0896 
= 1-6352 grama. 

Certain exceptions to this law are known, not only among 
the elementary bodies, but also among compoand gases. In the 
case of tlie latter class of exceptions, the vapour density is lest 
than corresponds to the molecular weight When we inquire 
into the reason of the anomaly, we find that the exception^ 
in tbe majority of instances, are only apparent, and may be 
satisiactorily accounted for by the circumstance that at the 
temperature required to bring them into a perfectly gaseons 
condition the bodies dissociate — that is, the complex m^e- 
cule splits up into simpler compounds, which, as the t&ca- 
peratare is lowered, recombine to form the original body. 
Thus, the vapour density of ammonium chloi-ide ia found to 
correspond to 4 vols, of hydi-ogen instead of 2, as denutnded 
by theory It has been experimentally shown that, at the 
temperature needed to bring the ammonium chloride into » 
jieifeetly gaseous state, it is decomjxised into hydi-ochloiTiJ 
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and ammonia, wLicb exist Bide by aide in a stat« of 
mechEuiical mixture; 2 vols, of Bal-anunonicM: vapour thus 
expand to 2 vola. of hydrochloric acid and 2 toIs. of ammonia. 
As the temperature is reduced, the hydrochloric acid and the 
ammonia recombine to form sal-ammoniac The eame pi 
menen is seen in the cose of sulphurio acid ; at a high 
perature this body dissociates into aidphuric trioxide 
wat«r, which reunite ■when the temperature is reduced, and 
again form sulphuric acid. 

Since the molecules of steam, of ammonia, of hyJrochlorie 
acid, and indeed of the vast majority of compound bodie^, 
correspond with two volumes of hydrogen, whilst the atoi 
of an element correspoiida, with very rare exceptions, wit 
one volume, it is obvious that the amount of an elemeBt^J 
which is strictly comparable to the molecule of a compound^ 
body, must be represented by two volumes. We regard the 
molecule of an element as made up of two atoms; indeed we 
have reason to believe that when the elements are liberated 
&om combination their atoms assume this dual or molecular 
condition. The oioin is accordingly defined to be the smalleat 
quantity of an element which exists in eomhinatlou; the mofo- 
cufeas the smallest quantity which can exist in the free stat&i 
The symbol H therefore represents the atom of hydrogen, and 
the symbol H„ the molecule. We know of certain combinsr 
tions of elements termed compound radicala which reaet 
like simple substances ; these bodies also resemble the 
elements in so far as they occupy in the free state a bulk 
equal to two volmnes of hydrogen, whereas in conihination 
their volume corresponds to only half that quantity. 

67. Determination of Atomio Weight from Speciio 
He&t — Another physical consideration of the highest moment 
in fixing the atomic weight of an element is based upon the 
circumstance first pointed out by Dulong and Petit, that all 
elementary atoms have the same capacity for heat. It is 
found by experiment that it reqiures equal quantities of heat 
to raise 32 pai'ts by weight of sulphur, 31 parts of phosphoras, 
J5 parts of arsenic, and 7 pai-ts of lithium, through the 
same interval of temperature. It ia evident, therefore, that 
the product of the specific heat of an element multiplied \if 
its atomio weight must be a constant quantity — 
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Salphnr, 0-2026 x 

Phosphorus 0-2120 x 

Aieeme 0*0314 x 

Iron, 0-1138 x 

Lewi ;. ..,. 0-0314 x 

BUver, 0-0570 x 

IdUuttin, 0'9408 x 
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6-60 
6'IS 
6'59 



r 

^^^K The mean atomic heat, as the value of the product of the 

^^H specific heat multiplied by the atnmic weight is termed, ia 

^^H 6-4. The Tariationa from the mean value are due partly to 

^^H exporimenttd errora, and partly to the impossibility of ohtain- 

^^H ing the elements in strictly comparable conditions. The hard- 

^^r ness of the body, its crystaHine or non-crystalline condition, ita 

1 tendency to become softened, and to expand on being heated, 
all affect the amount of heat required to raise its temperature 
through a given interval. There is little doubt that if these 

^^^ disturbing influences could be removed, the law of Dulong 

^^L and Petit vould more correctly express the results of obserro- 

^^H tton. Bemarkable illustrations of the value of specific heat 

^^H determiiiations in controlling atomic weights, are seen in the 

^^H cases of the two latest discovered elements, thallium and 

^^H indium. In physical properties thallium is closely allied to 

^^H lead ; but in certain of its compounds it exhibits near 

^^H relationship to the alkaline metals. Opinions were dirided, 

^^H therefore, as to the particular value to be assigned to ft, until 

^^H it was found that the specific heat of thallium was 0-032. 

^^M This number divided into 6-4, tbe mean atomic heat, gives 

^^H 200, which points to 203*5, the number demanded by the 

^^H Eiipposition that -thalUiim is to be classed among the group 

^^H of the alkaline metals, i-athcr tlian to 407, tlie numb^ 

^^H required by the assumption that the element is chemkaJly 

^^V related to lead. In chemical diameters indium is apparently 

^^H closely related to zinc, and on the basis of this relationship 

^^H the value of In was considered to be 75*0, until Bunsen found 

^^M the specific heat of the metal to be '0570. This number divided 

^^B into 6'4 givesll2'3, whichindicates thatthenumbcrformerly 

^^1 assumed as the atomic weight must bo raised to 113-4 — i, «,, 

^^H multiplied by 1^, 
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r Certain marked exceptiona to Dulong and Petit's la-w 
occur in the coses of the uoilermentioned elements, the 
Bpeciflc heats of which are ail much lower than their well 
established atomic weiglits would indicate. 

^■^ I SSii:::: - "-"■"'■■ *" 

iWood chu-cooJ, 
Graphite, V'AMa 
Diamond, 0-1469 

Silicon. J Cryatiillized 0-1774 >: 28 = 4-97 

°"^°°' JFuBed, 0-1750 X 28 = 490 

le various allotroiJic modifications of these elements hare 
therefore different specific heataj but none of the values above 
given agree with thone demanded by Dulong and Petit's law. 

Weher and, independently, Dewar, have shown that in 
the case of cai-bon the specific heat increases very rapidly 
with the temperature; if the specific heat were taken at very 
high temperatures, say in the neighbourhood of 600", the 
atomic heat would in all probability more ncavly correspond 
to the mean atomic heat of the elements, 

According to Weber the true specific heat of the diamond—. 
that is, the quantity of heat i-cquii-ed to raise the temperature 
of the unit of weight at — 

0° = 0-0947 

50° = 0-1435 

100' = 01905 

150° = 0-2:j57 

200° = 2791. 

The specific heat of an element is not altered when tlie sub- 
stance enters into combination ; hence tho molecular heat of a 
compound is the sum of the atomic heats of its constituents. 
- Thia is well seen in the case of the following substancea ; — ■ 

Bp. Heal. M. Wt 

PotasBium cUoride, KCl = -1729 x 74-5 = 2 x 6*4 

Sodium iodide, Nal = -0808 x 149-8 = 2x6-4 

Stannous cjUoride, SnCI, = "1016 x 189 = 3 x 6-4 

Buriuin chloride, BaCij = -091 x 20S-3 = 3x6-4 

Owing to the difficulty of making the observations under j 
pi-ecisefy analogous conditions, the deviations from the cal- 
culated specific heala are even more numerous in tlie eaao o 
compound bodies than in that of the elementa. 

10.— VOL, I. i 
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68. Betermination of Atomic Weifrhtfiromlsomorpliisn: ^ 

— The atomic ■weights of the elementa are occasioEially 
determined by the cryBtallographio relationa of their com- 
poimda. Thus the fact that certain compouDda of phosphoma 
and arsenic have the same crystalline shape as the analo- 
gously constituted compounds of nitrogen, supports the con- 
clusion that the atomic weights of P and Aa are i-espectively 31 
and 75, despite the fact that the vapour densities of these 
bodies seem to indicate that these nnmbera should be 
doubled. The identity of crystalline shape, that is the 
Uomorphiam. of certain sulphur and seleaiuzn compounds, has 
served to establish the atomic weight of selenium and the 
fonaulfe of its compounds. The atomic weight of titanium 
and the formulce of certain of its compounds have in a 
similar manner been controlled by the iact that stannic and 
titanic oxides are isomorphous. A striking confirmation of 
the aid which may be derived from isomorphism is seen in 
Eoscoe's research upon vanadium and its compounds. This 
rare element was formerly supposed to be closely allied to 
chromium, and on the baaia of the apparent relationship of 
certain chiximium and vanadium compounds, its atomic weight 
was regarded as 67*3, until Boscoe showed that the element 
JB a member of the nitrogen family, and possesses the atomic 
weight 61'3. This conclusion is in harmony with the fact 
wliich had long been known, but was hitherto inexplicable, 
that a certain mineral of vanadium is isomorphous with two 
minerals of phosphorus and arsenic, Roacoe has shown that 
these minerals are not only isomorphous, but that they are 
also simUarly constituted. Still iaomorpMam cannot be 
j-eceived as an infallible guide in determining the atomic 
weight of an element. Thus sodium nitrate, KaNOg ; calo 
spar, CaCOg," and red silver ore, AgjSbS^, are isomorphoii^ 
but these compounds are distinctly heterologous. Moreover, 
we frequently find that analogously constituted and closelj 
related compounds are heteromorphous. Thus certain tell- 
urium compounds have a difiereut crystalline shape from the 
similarly constituted compounds of sulphur and selenium, 
and potassium nitrate does not usually assume the same 
crystalline foiin as sodium nitrate 
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_ Nitrogen. — SjwIjoINj atomic w 

~ This gaa was discovered by Kntherford, in 1772. Its pro- 
clofeely by Scbeele and by 



]3ertieH were exrtmineii 

Lavaiaier ; the latter demonBtrat«d itia existence in tbo 
atmospbere, and named it azote, from its incapacity to support 
animnl life. The nnm.e Nitrogen, tlenoting that tliia clement. 
is an essential constituent of nitre, was flubacquently given to, 
the gas by C'haptal. 

Nitrogen is a Tery abundant element. 
free state in the air, of ■which it constitutes foiir-fiftlia by 
volume, and it is emitted in lat^e quantity from subterranean 
Bources. In combination with oxygen it ejdsts as nitric acid, 
and in combination with hydrogen, as ammonia. These 
compounds are very widely diffused, and play an important 
fwrt ja the economy of plant life. Nitrogen is an esBential 
constituent of animal and vegetable organisms. It o 
in many minerals, and in meteorites. Mr. Huggini 
shown that those singular aggregations of gtiscs, the nebula, 
consist in great part of fi-ee nitrogen gas. 

70. Its Preparation. — Niti-ogen may readiJy be obtained 
from the air. If a piece of phosphorus 
be burnt in a confined portion of air, 
the oxygen will be withdrawn, owing to 
thefonnationof phosphoric pentoxide. 
The withdrawal of the oxygen by 
meansof phosphorus takes place even 
at the ordinary temperatura If a 
tube containing air, and standingover 
water, be divided into five equal 
parts (fig. BS), and a stick of phos- 
phorus he introduced into it, it will 

be Been in a fow hoiirs that the water=^ 

will have risen through one of the "'-^sa-_ ^-_-:-^: -_ -^-^^^P 
divisions in consequence of the ab- 
sorption of the oxygen. Air may Fig. 53. 
also be deprived of its oxygen by passing it over heaiedj 
metallio copper, whereby cupric oxide ia formed, and pi 
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nitrogen reirminB. A strong solution of cnpric chloidd 
Lydrochloric acid in contact with copper turnings becomes 
converted into cuprous chloride. This solution absorbs oxygen 
fiwia the air, and the cuprous chloride is reconverted ultimately 
into cupric chloride. Cu,CU + 2 HCI + = 2 CuClj + 
H,0. This reaction affords a, ready method ot preparing a 
small quantity of pure nitrogen. 

It has already been stated that nitrogen is a constitiiont of 
ammonia. It may be readily liberated from its combination 
■witi hydrogen by the action of chlorine — 

2NH3 + 3C!,= 6Ha + Np 



reaction, and the hydrochloric acid combines with a further 
quantity of ammonia to form ammonium chloride — 

8NH, + 3Clj = 6NE,a + N,. 

Fig. 59 reproaenta the apparatus inivhich this decomposition 

may conveniently be effected. The chlorine is generated in 




I the flask a, and icficls u]juii tlio ssirong solution of a 
contained in the bottle b. Tlie tube cntera 6 th: 
wider tube which pasaeH through the cork and ends \ 
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) Biu-face of the liquid. Tliis arrangement constitutes a 
eafetj-valve. If tlie animonia<al solution ahould by any 
chance ruali up the tube, it can be inatftntly raised from 
the liquid, whicli msy thus be prevented from passing over 
into the flask. It is necessary, in preparing nitrogen by thia 
method, to keep the ammoniu always inejtcesa, otherwise the 
chlorine reacts upon the ammonium chloride, and fonns a 
iighly explosive combination of chlorine and nitrogen, 

"When a solution of anmionium nitrite ia heated, the sail 
docomposea into free nitrogen and water, NH^NOj = 2 HjO 
+ Ny As this salt is somewhat difficult to prepare, it is 
Letter to heat a mixture of potassium nitrite (which b mors 
i-eadily obtained) and ammonium chloride — ■ 

KKO, + NHjCl = KCl + N, + 2 H,0. 

Potassium nitrite may readily be obtained by paasmg tha 
gases obtained by heating starch or arsenioua acid with 
strong nitric acid into solution of potaaaium hydroxide, of 
Bpecific gravity 1'38, until it acquii-ca a distinctly acid 
reaction. When required for use it is lieated with threa 
times its Tolume of stixing ammonium chloride aolutioa. 

Nitrogen may also be prepared from certain niti-atea. If 
dry ammonium nitrate be heated with solid ammonium 
chloride the following reaction ensues — 

4NHjN0a + 2NH.C1 = 5N, + CI, + 1211,0. 
The chlorine may be absorbed by jiassing the gas thi'ougli 
milk of lime. 

Nitrogen may be obtained from flesh or muscular fibre by 
heating it with dilute nitric acid. The pis produced in tim 
reaction is always accompanied by dioxide of nitrogen, 
&oni which it may be freed by passing through a, solution of 
ferrous sulpLate, 

71. Properties of Nitrogen. — Pure nitrogen is a colour- 
less, tasteless, inodoroiis gau, which has rcBistod every 
attempt to effect its liquefaction. Its specific gravity is 
0'972. air being 1. It is very sparingly soluble in water; 
100 c.c. dissolving about 1'5 c.c. of the gas at the ordinary 
temperature. Under ordinary circumstances, it is incom- ' 
biistible, and a non-supporter of oombtuition ; a lighted taper i 
plunged into the gas ia immediately extinguished, vvthoat 1 
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mBstnOBg the nitrogen, Aitlioagli nitrogen i . _ 
ef>eaking, a very inert body, it combines with certain sub- 
stances with great energy. Tangsten and titanium, when 
finely divided, become incandescent when projected into aa 
atmosphere of the gas, owing to the formation of nitrides of 
these metaU. Other methods of effecting the combinatioa 
of nitrogen with oxygen, hydrogen, carbon, ic., will be 
deecribed in subsequent chapters. Animals immersed in an 
atmosphere of nitrogen are immediately su£rocat«d, not from 
any direct poisonous action of the gas, but from the absence 
of oxygen. It is eTident that the gas cannot exert any 
direct injurious action, sioce we inhale it in ]ai;ge qua! 
at eveiy inspiration. 



72. The AtmoBphere.— The word atmosphere (from i-r^i 
vapour; and nipaipa, a spliere), in its most extended sens 
denotes the gaseous envelope suiroanding any liquid or solid 
body. In a restiicte*! sense, namely, that in which we now 
employ it, it signiQea the invisible elastic fluid whioh 
surrounds the eaith. 

The fact that a subtle and invisible principle intimately 
related to life existed everywhere around him, must have 
been one of the earliest and most perplexing of man's im- 
pressions. Of the nature of this principle he was, of course, 
ignorant ; but that he knew how essential it was to existence 
seems evident from the early use of such words as, " breath," 
"spirit," "ether," "air," "life" — terms which all conveyed 
pretty much the same idea. The earliest Gi-eeks, ve are 
told, deified this principle ; and Anaximander, whose name ii 
handed down to us aa die first to pi-ofeas any system of philo- 
sophy, taught that air was the first principle of all things. 

Hesiod and Homer, who lived long before the use of 
letters was generally known, speidi familiai'ly of many of 
the more striking pixiperties of air. The former, in bis 
treatise on agriculture, dwells upon tho bcncScial effects of 
winds, which Anaximandei- considered to be due to the rvre- 
iaction of air under the influence of heat. The ponderability 
of air was auapected before the time of Aristotle — indeed, 
this philosopher himself states that a bladder, when infiate<1, 
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heavier than when empty and collapsed. CtesibiuR, ( 
Alexandria, and his pupil Hero, are noted for their recc^^ 
nition and practical appUcntion of Eome of the more appar^t f 
properties of the air. The former ia credited with the invem- I 
tion of the organ, and his came ia connected with a n 
for propelling Btonea by means of air previously condem 
by a syiinge. Hero, who lived B.C. 200, considered tliat tl 
air is composed of minute, light, and, for the most pat^^ 
invisible particles. Ho demonstrated tliat the air waa 
material : he found that, when contained in a confined space, 
it may be rarefied by suction, and he describes a cupping 
instrument which constitutes a rude form of air-pump. He 
treats of the vacuum, and gives reasons for its existence : he 
otTcrs a theory of the elasticity of the air, and founds many 
curious experiments on this property. 

It is scarcely necessary to insist on the paramount import- 
ance of our atmosphere to us. Without it the earth would 
be as arid and as lifeless aa the moon. We owe to it the 
nnmbci'less changes which constitute the phenomena of 
weather, and the gradual transition of day into night and of 
night into day ; by its power of retaining and modifying the 
heat of the sua, it preserves unscorched the face of the earth ; 
and by its property of conducting sound, it affords us the 
m.eans of intercourse by speech. It effects the disintegration 
of rocks, and the creation of soils. It maintains the vitality of 
everything living, and achieves its destruction after death, 

73. Its Extent — On the authority of Wolkston, it was 
long considered that the atmosphere round our earth was 
limitetl in extent, Fi-om observations made on the duration 
of twilight, Wollaston concluded that the atmosphere ex- 
tended to a height of about 45 miles. It is far more pro- 
bable, however, that no such limit exists, but that the 
atmosphere extends through space. It has been shown by 
mathematical reasoning that it must ext«nd even to the 
moon, but that its density there is scarcely appreciable by 
direct measurement, as it cannot exceed tho l-800th part of 
that of our atmosphere at the eartli's surface : it has been 
calculated that the moon's atmosphere would support a 
column of mercury about one millimetre high, J 

It is evident, from a variety of causes, that the density of.fl 
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71. lb PiaBSn. — Ife aimgn WE^it of tlie abnos- 
|iae at the xa'a krd i> osr lililiiiliiii b eqaivalent to that 
of a eoInm> of hmjuuj 760 liPlmMijii ii^i : this is eqaal 
to a {Meauue of 103-3 kiiaa^tai a aq«aie decimeter, or 14*73 
Eng^A poanda span a aqnwe indt. To obtain the total 
'wv^t of the atmc^ltae in kilogt^gas, ve have merely to 
mnllipij Uke nnmber of aqoatv c^itimettea on the stirfuce of 
the earth hj 103'3. Hie ve^t thus obtained amotinifi to 
5 '3 Inltioits of kilos. 

In the same manner, we can readiJy calcnlat* the weight 
of the atmosphere pressiDg npoa the soHki-'e of our bodies : va 
ahall find it to amoont to several tons. The huaian feime is so 
oonstitated, that the absence, or even a consideiable dimina- 
tion, of thin pressure would cause a serions if not a total dis- 
knangement of oar economy. It has been shown that certain 
bones, jiartieularly the thigh bones, together with the ball 
and socket hip joint, are in certain positioDS only kept in 
flace by the presanre of the atmosphere. The hiemorriiago 
Occflsionally ex|)erienccd daring balloon asoents is due to the 
bursting of the Bmall blood-vessels situated in the ifgion of 
the eyes, nose, and mouth, from the rapid and too forcible 
projiulxion of the blood consequent on the decrease in 
atiiKmpherio pressure. This hsemoiThage is more particnlarly 
conllnwl to (eronauta, as trjivellurs in ascending higli raoun- 
tftins in goncral feel nonsuch inconvenience, their gradual 
aacenaion affording time for thera to become accustomed to 
the decreased pressure. 

7fi. VarifttionB in the height of the Barometer. — It wag 
quickly observed after the invention of the barometer that its 
height or, whiit amounts to the same thing, the atmospheric 
pressure whs subject to vaiiation at the same locality. These 
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lationB were first noticed by DeBcartea. The pressure of ' 
the atmosphere varies with the latitude of the pltkce, theseasotiB 
of the year, and the hour of the day. At London, the mean 
height of the barometer ia 750*0 m.m.; at Paris it is TCiOO 
m.m. The pressure increases generally as we approach the 
poles from the equator, attaining a maximum at 30" N. lat, 
after which it decreases to a minimum at 65°, when it agiiin 
begins to rise. The maximum at 30° ia attributed to the 
influence of the trade-winds at those regions. The nicnn 
height of the barometer is loweaii ia the ti-opics, especially 
under the equator ; this ia probably due to u]irising air- 
currents. The following table shows the relation betwcc^._ 
the latitude and the height of the baixioietcr :^ 



Lit. 


H. 


Lat. 


H. 


Lit. 


H. 


L.I. 


B. 




num. 


, 


m.m. 


• 


m.m. 





in,m. 


n 


7G0-20 


.-«> 


704-60 


43 


76r4t 


fiO 


756-07 


10 


7el'3* 


40 


703 -47 




70073 


64 


751-117 






4. 


76200 


1.41 


760-10 


b/ 


753-67 



The pressure of the atmosphere varios also with the ueason*' 
of the year. It is found that two maxinui occu 
Eummer and the other in winter; the minima being in spring 
and autumn. The maximum in summer is at tirst sight con- 
trary to what we should expect. Radiation from the earth's 
surface creates ascending currents and diminished pressure. 
We should therefore anticipate a. low barometer at this 
season of the year, which indeed would actually occur, did 
not an inci-eased evaporation of water more than corapensatft' 
for the influence of the uprising currents. The yeai'ly ■va 
tions in the pressure of the atmosphere have only I 
determined for a few places, and it 'appears that fliere 
well authenticated exceptions to the above law. Within », 
zone extending to the parallel of 40° on either side of the 
equator, the greatesfc and least atmosphere pi-essures appear 
to correspond with the greatest and Iea«t zenith distances t£' 
the sun. Thus, at Madras (lat. 13° 4'N.), the mean height (rf" 
the barometer in January is 6-34 m.m. gi-eater than in Jul^J 
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At Oalcatta (kt 22° 30' N.), the difference amonnta to 1 
m.Tn. At the Cape of Good Hope (lat. 34° S.), the height ia 
7'36 m.m. greater in January than in July. 

Apart from the accidental fluctuations of the barometer, 
due to the influence of Btoitns and hurricanes, there ia a 
regular horary oscillation which, in the tropics, presents two 
maxima— ^viz., at about 9 a.m. and 10-30 p.m., and two 
minima at i p.m. and i a.m. The regularity of this oscillation 
mthin the tropica is such that the hour of the day may be 
approximately aacertaiued from the height of the m.ercurial 
column. This fluctuation is not confined to the level of tlie 
sea, but takes place with equal regularity at altitudes of 
13,000 feet. The amplitude of this oscillation ia about 2-2 
_m.m. within the tropics. As we approach the polea the 
amount becomes less, uatU, at 70° N. lat, it is only 0'3 num. 
In our latitudes these yariations are in general masked by 
accidental causes, but by comparing the results of a largo 
number of observations they can be clearly detected. In 
Paris, observations extending over eleven years show that the 
variation amounts to 0'T56 m.m. from 9 a.m. to 3 F.ii., and 
to 0'373 m.m. from 3 P.M. to 9 p.m. The amount appeai-a 
to differ during the seasons of the year, being greater in 
summer than in winter. 

It follows ft'om the law of Goyle, that the air, being an 
elastic fluid, is composed of strata of different density. The 
stratum at the surface of the earth being subjected to the 
pressure of the superincumbent air, is denser than the one 
immediately above it. In proportion as we ascend, we find 
that each stratum becomes rai-er tlian the one just below it. 
Henco the impoi-tance of the barometer as a measurer of 
heights. The fact that the mercurial column stands lower at 
the top of an elevation than at the bottom was first noticed 
by Claudio Bereguardi at Pisa, and five years later by Perrier, 
who, at the suggestion of Pascal, ascended the Puy do Dome 
in 1648 for the purpose of making the observation. Pascal 
did not fail to point out how strongly this observation con-o- 
borated the truth of Galileo's explanation of atmospheric 



The following table shows the pressure and density of air 
at different altitudes: — 
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min. 
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7liO 


5,520 


2 


0-5 
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25 


190 










22,mo 


18 „ 


0-0623 


47-5 


27,600 


32 ,. 


00312 


238 



1 

tar |l 



It has been calculated that, if the bulk of a given weight of 
air continued to vary at the above rates, one cubic inch of air 
measured at the earth's suiface would, at the distance of 4,000 
mil^ fill a Bpace as large as Saturn's orbit ; on the other hand, 
eA a distance of only 46 miles below the surface of the eurth, 
the air would have the density of mercury. 

76. Belationa of the AtmoBphere to Heat. — The atmos- 
phere appears to receive ita licat in the following ways — (1,) 
From the direct rays of the sun; (2.) Fi-om the reverberation 
of those rays from the earth's surface; (3.) By contact with 
the ground ; (4.) From the action of aqueoua vapour. 

Air appears to be diathermanotis — i. e., it does not abso- 
lutely act as a vacuum in the transmission of radiant heat. 
The lieat received by the atmosphere from the direct rajs of 
the Bun must be considered, however, as the least important 
of tJia foiu" principal sources just enumerated. The greater 
part of the heat which finds its way into the atmosphere is 
generally considered to bo due to radiation from the earth's 
surface, and to the contact of the air with the ground. The 
amount of heat thus sent into the air will of course vary 
considerably even in places in the same latitude, and not very 
for distant from each other, since it mainly depends on the 
nature of the soil which receives the soloi- rays. This fact ia 
important as an element in the cjassiiication of climates. It 
baa been shown that places in the same latitude, not veiy 
far apart, and in the same condition as regards protection, 
may have very different mean tempm-atures on account of the 
different capacities of various soils for absorbing and retaining 
heat. 

Aqueous vapour ia luidoubtedly one of the most impoi-tant 
agents in aiigmenting tlie temperature of the atmosphere. 
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^^V This mnst be eriJcnt, v-kea ire consider tlie i 
^H^ MDount of heat which is rendered latent in the process of the 
^^K evaporation of vater from the earth's surfkce, and 'which 
^H again becomes sensible on the condensation of the rapour in 
^^M t£e upper regions of tie air. Aqneons rapour, howcTer, 
^^M appears to act as an agent in commniticating heat to the xir, 
^^V even when in the condition of perfect gaseity, bj retarding 
^™ iiie transmission of heat rays through the air. 

77. Tbe Atmosphere in its Chemical Relations. — The 
chemical history of the atmosphere can, in strict truth, bo 
said to date onl^ from the early part of the IT th centuiy. 
Up to that time the air was considered as akin in nature to 
fire. There was no decided opinion of its materiality, 
although it was held to enter into the composition of many 
hodies. It was considered to be essential to animals, as light 
Pas supposed to be necessary to plants. 

Many metals, when, exposed to fire, losie their brilliancy, 
and become coveretl with an opaque, lustreless, earthy sui>- 
Btance, termed by the older chemists a cale. As this calx is 
formed, the metal increases in weight This ihct has been 
known from very early times. Geber, in the Bth century, 
speaks clearly on this point in the case of lead and tin. 
(Wdan (1601—1576) even mentions that the gas (flatus), 
which increases tlie weight of the lead, exists in nitre, feeds 
I flame, and rekindles a body presenting an ignited point 
Bey, in France, first clearly proved that the formation of 
ihe calx, and the augmentation of the weight of the metal, 
' entirely depended on the access of air ; and Hooke and 
Mayow, tn England, appear to hare first traced the analogy 
^ between combustion and respiration. Both the later philo- 
I Bophera showed that tbe aii- contained a principle analogous 
[ to, if not identical with, that contained in nitre; and both 
[ proved, by experiment, that a portioa only of the air la re- 
quired for combustion and respiration. Boyle, in 1C03, con- 
clusively showed that air was absorbed during the calcination 
of metals, by lieating lead and tin in hermetically sealed 
Tessels, for lengthened periods, at a high temperature. "When 
the vessels were again cold, he was able, on mating small 
I apertures in them, to perceive the sound of air i-ushing in to 
I supply the pai-tial vacuum. 
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^^The dear interpretation of thes 
however, for Ijivoiaier, It had long been known that 
cury, whea heated, becomes covei-ed with a calx., and inti'eflSCT 
in -weight. Tlie fact was even recorded by SiUzbach, an 
alchemist, living in the 15th century. He liirther showed: 
that the Bubatonce which increases the weight of the metal 
again digengaged on heating the artificial cinnabar, 

terms the mercuric oxide. Lavoisier placed about i 

t mercury in a matrass or flask of about 3G cubic inches 



i 




that the end appeared above the level of the mei-cury in 
a partially filled graduated glass jar placed in a meircuiial 
trough (fig. 60). 

The height of the mercury in the graduated jar was care- 
fully not«d, tt^ether with tiie temperature of the enclosed 
air, and the metal in the flask was gradually heat«d to 
within a few degrees of its boiling point, and marataincd at 
this point during twelve successive days. During the first 
day no remarkable phenomena were manifested ; the evapor- 
ated mercury condensed in little drops on the higher and 
cooler parts of the flask. On the second day, small red par- 
ticles were observed on the surface of the heated mercury, 
and these increased in number dining four or five days. On 
the termination of the experiment, it was found that the air 
contained in the graduated jar had diminished in volume, 
and that, instead of the GO cubic inches originally taken, 
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there remained only 42 or 43 cubic imdies. Hw ^u i 
graduated jar no longer Bupported cotabuslaon. "fiio calx of 
mercmy (mercuric oxide) was collected ; its veight amounted 
to 45 grains. Heated in a small retort, it na entirely re- 
solved into mercury and oxygen ; the Tolome of the eTolred 
gaa iras about 8 cubic ini^es. By "■■""* the two gasea 
Sius isolated, Lavoisier reconstituted atmospheric air equal in 
Tolnme to that originally taken, 

78. CompositioB of the Air. — It was thus clearly estab- 
lished that air was composed of oxygen — the empyreal air 
of Priestley and Scheele ; and of nitrogen — the gas discovered 
by Rutherford. Many methods were now devised to measure 
the amount of the oxygen, Eince it was assumed that the 
comparative wbolesomeness of the air depended on the pro- 
portion of its oxygen. Hence originated the art of eudio- 
metry {from iCJiot, good, serene; and plTpor, a measure) ; that 
is, the art of measuring the goodness of air. Careful experi- 
menters, however, were not able to find the differences in the 
composition of good and bad air which their theories de- 
manded; air which was reputed to be unhealthy could not 
be distinguished irom that which experience had found to be 
beneficial and salubrious. Cavendish made upwards of 500 
analyses of town and country au% in winter and suninier, and 
ia wet and clear weather, without detecting any appreciable 
differences. As the mean of all his trials, he found that 100 
volumes of air contained — * 




Cavendish clearly pointed out the nature and extent of t3ie 
information supplied by the eudiometer; etymologically, the 
name had no longer any significance. " In so far," he aajs, 
" as the instrument takes cognizance of the impurity of the 
atmosphere, it betrays no difference between one specimen of 
air and another; so that, apparently, there are no degrees of 
goodness to be measured. . , , Thus it may be inferred 
that our sense of smelling can, in many cases, perceive iafi.- 

• Cslcuktfld by Wilson. (See Life of Cavendiih, p. 229). 
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ily amaller alterations in the purity of the air than can be " 
perceived by' the nitrous test"-^i. e., by the eudiometrio 
method which lie employed. {Vide infra). 

79. Air a Uechanical Uixtnie. — The constant propor- 
tion of the two principal constituente of the atmosphere ap- 
peared now to be BO well established that many chemists 
inclined to tlie opinion that air was a chemical compound 
of oxygen and nitrogen. Many reasons, however, conduce 
to sliow that tie air is simply a mechanical mixture of its 
constituent gases. In the first place, the relative amounts of 
the two gases are not those of their combining weights, nor of 
any simple multiple of those weights. We can obtain atmo- 
spheric air by mixing oxygen and nitrogen in the pro]jortion 
of 20-9 vols, of the former to 791 of the latter; none of the 
ordinary manifestations of chemical action — such as the 
development of heat or of electricity or change of volume — 
occurs when the gases ai-e thus mised. In the second place, 
we find that air ia diasoived by water to a slight extent ; on 
boiling the water, tie air is again expelled. If air were a 
chemical compound, it ought to possess the same composition 
before and after solution. Experiment shows, however, that 
the air expelled from water by boUing invaiiably contains 
more oxygon than ordinai-y air, in consequence of the greater _ 
Bolubility of that gas as compared with nitrogen — 



Bcfaro Solutio 

Oiygcn 20'9G 

Mitrogen, 70*04 



Jlcr Solution. 
35-91 
05 '09 



In the third place, it ia found that the refractive power o 
air ia equal to the mean of the reiractive powers i " '" 
constituents; whereas, in compound gases, the refractivaB 
power ia always either greater or less than the mean refrao' J 
tive power of their elements. 

80. Subject to very slight Changes in CompoBition. — 
Although the composition of the atmosphere is marvellously 
constant, when we consider the numberless agencies at work 
which tend to modify the relative pi-oportion of oxygen and , 
nitrogen, still the refined experiments of Eunaen and J 
; have shown that the air is in reality subject taJ 
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Blighty although pei'fectlj appreciable, variations in com) 
tion. The former chemist found the extreme differences in 
the proportion of oxygen, in fifteen analyses of air collected 
at different times in the same locality, to be 20-970 - 20-SiO 
per cent; the latter found, in upwards of one hundred 
analyses of the air of Paris, diffei'encea of 20-999 and 20-913; 
country air showed differences of 20-903 and 21-000; air 
collected over the sea, in various parts of the world, showed 
extremes of 20940 and 20-850.* 

The composition of the air by weight was determined by 
Dumas and Boussingault. Air, carefully freed fi-om water 
and carbon dioxide, was aspirated over ignited metallic 
copper : the heated metal combined -with the oxygen to form 
cupric oxide, and the nitrogen passed into an exhausted 
balloon. The increase in the weight of the metal gave the 
amount of oxygen, and the increase in the weight of the 
balloon that of the nitrogen, in the air. As the mean of a 
' number of experiments made by this method, Dumas and 
Boussingault ioimd that 100 pai-ts by weight of air con- 
tained — "^ 

Oxygen, 23-00 

KitrogcD, 77-00 

10000 
We have comparatively little information with regard to Hm 
relative proportion of the constituents of the air at great 
elevations. Up to a height of 3,000 metres, air appears to 
have sensibly the same composition as at the eai-th'a surface. 
• Several very marked deviationa were occasionally observed by 
Regnnnlt: — -1. Air collected frDm the port o£ Algiers, about 11 
P.M., June 5, 1851, gave (!■) 20'420, aod (2.) 20305 per oent of 
oxygen. 2. Air ooUected in tbe Gulf of Bengal, lat. 0° 4', Ions. S3° 
(Paris), at raid-day, Fobniary 1, 1849, gave 20-4G0 and 20-453 po» 
cent, of oxygen. 3. Air from month of Ganges, near Calcutta, col- 
lected at uooD, March S, 1849, weather foggy, breeze N.E., gavo 
20'390 and 20-387 per cent, of oiyeen. TheTankB of the river were 
covered with animal and vegetame debris during tbe recession of 
the tido, and cholera was raging in the district. It ia possible, 
however, that tliis diminution might have been efiectad by the sub- 
seqaent action of organic matter drawn into the tube in the aspira- 
tion of the air. The amount of carbonic acid in tho sample (which 
was simultaneously determined) was excessive, vin,, 0'33per cent.; k 
partinn of this was probably formed by the oxidotioii □{ the orgajtiq 
matter in the tube. 
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Among the agencies tending to aLatiact tlie oxygen fi-om.B 
tiie air may be enumerated — (1.) The respiration of animals J 
(3.) The combustion of organic matter; (3.) The decay andl 
putrefaction of organic substances; (4.) The disintegration ofl 
rocts; and (5.) The ultimate oxidation of inorganic mattacij 
e.g., in the conversion of the protoxides of iron and man's 
ganese, ia:., to the state of peroxides. In the last caa^J 
oxygen would appear to be permanently lost to th9 atmo-^ 
sphere, for it is only in rare instances that it can be again 
restored by processes of reduction. A very little calculation, 
however, serves to show that the reservoir of oxygen con- 
tained in the atmosphere amply sufSccs to maintain its 
numerous functions. If we suppose tLe atmosphere to be put I 
into a balloon, and suspended from the end of a balance, iti^ 
would retiuire 581,000 cubes of copper, each having a side a 
1 kilometre in length, to restore equilibrium. If we also^ 
assume that each individual consumes 1 kilo, of oxygenfl 
per diem, and that the population of the earth i 
thousand millions, and, further, that the oxygen con 
in the I'espii'ation of other animals, and in the oxidation d{<9 
organic matter, amounta to four times that required by man,! 
and aJso that the oxygen disengaged by plants compensates J 
only for the causes of diminution of oxygen not specified, — ■ 
then, even in this exaggerated case, the amount of oxygen al>- 1 
Btraoted from tlie aii- in a century would only amount tarn 
fifteen or sixteen of the copper cubes; or, in other words, thoJ 
abstraction in a centuiy would be only jjo'Dntl^ of *-^^ total Ij 
quantity of oxygen contained in the aii- — an amount inappro- 1 
ciable by the moat exact eudiometric methods known to ua. 

81. Ozone, — It has been clearly demonstrated that ozone 'I 
exists in the an-, but at present we know very little of tha 
circumstances which influence its production. From the 
obBervations of Houzeait, it ajipeara that country air contains 
about 1 pai-t of ozone in 450,000 parts of air by weight, or 1 
volume in 700,000 volumes of air. It has been stated that 
there is an intimate relation between the quantity of ozone 
in the air and the development of atmosphei-ic electricity. 
The frequency of ozone manifestations varies with the seasons, 
i>eing greatest in spring, strong in summer, weaker in autumn, . 
and still weaker in winter. Other observations, howeverrf 
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teem to show that the amount of ozone in air imexposS 
the influence of the land ia very nearly constant 

It is remarkable that the air over marshes, or in places 
infested by malaria, contains little or no ozone ; hut that, aa 
we ascend heights above such localities, the amount of .ozone 
rapidly increases. No ozone can be detected in large cities, 
or in the an- of dwelling rooms. There can be little doubt 
respecting the function of ozone in the atmosphere : one at 
least of its uses is to oxidize and render innocuous the piifcre- 
Bcent organic matter which is being continually sent into the 
mr. It is highly probable that the salubrity of country air, 
and the depressing effect of the air of towns, ia intimately 
related to the presence or absence of ozone, and to its action 
on organic matter. 
82. Aqaeons Vapour in Air. — Aqueous vapour is always 
present in the air, although in very vari- 
able quantity. The humidity of the air 
depends principally upon ita tempera- 
ture, upon the direction and succession 
of winds, on the distance from the 
equator and the sea's level, and on the 
manner in which the moistmre is pred- 
pitated. The most accurate method of 
determining the amount of aqueous 
vapour in the atmosphere is to aspirate 
a known volume of air through a series 
of weighed tubes filled with calcium 
chloride, or some other hygroscopic sub- 
stance, The increase in the weight of 
the tubes gives the amount of aqueous 
vapour present in the volume of air. 
This method is, however, tedious, and in- 
applicable to tlie deteiToinatioa of the 
~s^ moisture contained in the air at any ^ven 
^"^^ moment. Accordingly, meteorologiBts 
- havo recourse to kygrometert. One of 
Slg. 61. the simplest and most reliable of these 

represented in fig. 61. It consists of two pre- 
cisely similar thermometers placed side by side. The bulb of 
one thermometer is covered with musliu, kept constancy 
action of an attached pieo" '' "^ —■ * 
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^^r lamp wick dipping into a, ciatem of water. The cvapor*- ^^^( 
tion of water from the muslin lowers tho temperature of the 
thermometer, and the rapidity of tho evaporation (and conse- 
quently the degree of cold) ia proportional to the dryneee of a 
the air. Tables have been constructed showing the humidity ^^^J 
of the air from its temperature, and from the difference Ul^^^| 
the two thermometer readings. ^^^| 

The air rarely contains the amomit of aqueous Tapotu ^^^H 
necessary to satui-ate it. In aomo pai'ts of Central Asia, ] 

EuBsia, Africa, and in the neighhourhood of the Red Sett, ex- 
traordinary degrees of drynesB have been noticed ; but in. our 
more humid clinmto aaturation is sometimes very nearly 
attained. . 

83. Carhon Dioxide is an invariable constitaent of air : itQ 
presence in the atmosphere was demonstrated by Maobrid*; 
in 1764, from the observation that quicklime, after long ez^ 
posure to the air, acquired the property of effervescing vithiJ 
acids. The first exact determinations of its amount w{ 
made by Thenard in 1812. Kia process consisted in t 
hausting a large glass balloon, of about 10 litres capacity, 
which baryta water was previously placed. By turning the 
Btopcock a fresh quantity of air was allowed to enter the 
globe : this was permitted to remain in contact with the 
baryta water for some time, the absorption of the carbon 
dioxide being promoted by shaking the bnlloon. Tho procesg 
of exhaustion and replenishment was repeated until a sufficient 
quantity of barium carbonate was formed. Prom its weighty 
tc^ether with the number of times of exhaustion, the 
amount of the carbon dioxide in the air could be calculated. 
Thenard found that tho proportion of this gas was about 4 
volumes in 10,000 volumes of air. 

The subsequent researches of Sauasure, Bonssingault, AngoB' 
Smith, and Boscoe have confirmed this result. They hav»f 
further shown that the amount of carbon dioxide in air ia not 
absolutely constant. It would appear that during tho night 
the amount of carbon dioxide increases ; it is sensibly greater 
during the prevalence of dry winds and duiing fogs, as much 
as 8 or 9 volumes of carbon dioxide in 10,000 volumes of air 
being frequently noticed on a foggy day. Countiy air also 
contains leas carbon dioxide than the air of large towns, 
&» ail contaioB less carbon dioxide thou VuiiV au-. i!h& 'C&!% 
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mean of a namber of observations made on ijke air of uto 
Irish. Sea ajid of the Atlantic Ocean, it appears that 10,000 
vols, of sea air contains 3 vols, of carbon tlioside. This pro- 
portion is constant in various latitudes, and is not afTectcd by 
the differences in the season of the year or hoar of the day. 

According to Sanssure, air in the upper pai-ts of the atmoa- 
phere contains more cai-bon dioxide than air ab the surface of 
the earth. 

A Tery imporiant relation, first pointed out by Prieatley 
and Ingenhousz, exists between the carboa dioxide and oxygen 
in the air. By the conibustiou of organic matter and the 
oxidation of the waste tissue of animals, carbon dioxide 18 
continuously sent into the atmosphere. Unless, therelbre, 
flome compensating influence were at work, the air woiild ex- 
perience a gradual diminution in the proportion of oxygen, 
and an equally gi-adual increase in the amount of carbon 
dioxide. Such a compensating influence exists in the power 
possessed by plants of decomposing carbon dioxide. By tha 
agency of the green portions of their structure they are able, 
under the influence of sunlight, to split up this gaa, retaining 
the cai'bon and restoring the oxygen to the air. There is 
thus a continual circulation of oxygen and carbon between 
the animal and the plant. The oxygen serves as a carrier of 
one of the waste products of the animal to the plant ; llie 
plant in its turn decomposes this waste product, returns the 
vital oxygen to- the atmosphere, and assimilates the carbon to 
form fr^h food for the animal. 

It has been observed that a square metre of leaf will dcconi- 
poacinsunlight more than a litre of carbon dioxide in an hour, 

The atmosphere receives a large portion of its cai'bon 
dioxide from subterranean sources. ITie amount thua sent 
into the atmosphere is much greater than that produced by 
the respiration of animals, or by the combustion of organk 
matter. Foggendorff hoa calculated that tJie amount of the 
carbon dioxide which thus finds its way into tho aix is at 
least ten times gi'eater tlian that produced from all oUier 
sources in conjunction; and that if no causes of diminution 
existed, the amount of carbon dioxide in the air 'would be 
doubled in about 380 yeara. 

84. Hitric Acid, or some lower oxitb of niti-ogen, ia a vevj 
ft'ei^ucut, if not an invariable, coustitiieiit of uir. Ita jitreaonG*'* 
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tte atmoaphcro was first observed by Pi'iestloy. Its for- 
BiatiDn is in great part diiB to electrical discharges in the air; 
the first portions of the rain collected in the country during 
severe thimder-Etorma have invariaLly an acid reaction from 
the presence of dissolved nitric acid. In tropical regions 
Buch electrical dischai^ea are of very frequent occurrence, and 
possibly a. large portion of the nitric acid existing on the earth 
in these regions, as potassium and sodium nitrates, has its 
originiuthiscombiuation of atmospheric oxygen and nitrogen. 
Nitric acid is in all probability Jikewiae formed by the action 
of ozone upon atmospheric ammonia. One million parts of 
r.iin water collected in the country contain on the average 
about 0'5 part of nitric acid. The amount increases in the 
wiin TOater of towns. As the average of a number of de- 
terminations made in EnglLsh towns. Dr. E, Angus Smith 
found 0'86 parts per million. In densely i>opiiIatcfl districts 
the amount often considerably exceeds this qnantity ; thus,, 
in Glasgow the average of a number of determinations gave 
2'436 parta in amillion.* 

85. Ammonia is also present in the atmospliere. Scheela 
observed long ago that a bottle containing hydrochloric acid 
became coated with ammonium chloride on exposure to tho 
air. A pieco of clay heated to redness, and exposed to the 
nir for a. few days, yields a perceptible amount of ammonia 
■when re-heated : this is not the case if the clay be kept in a 
stoppered bottle. Aluminium sulphate in like manner is 
nltimately converted into ammonia alum by prolonged ex- 
posure to the air. 

The amount of the ammonia contained in the air has been 
variously estimated : the resnlts on record vary from 135 to 
0-1 of ammonia (calculated as carbonate) in 1,000,000 paits 
of air, Freseniusfonnd that 1,000,000 parts by weight of air 
contained during the day 0098 parts of ammonia, and during 
tlie night 0169 parts. Recent obsei-vations by Mr, Horace 
T. Brown appear to show that the amount oi-dinarily con- 
tained in the air is much lai^er than this. It was found that 
a million parts of country air, when at a height of two metres 
from the gronnd, contained from 5-102 to 6'085 parts, and 

* R. Angus Smith, Ail- and Raai, p, 237. 
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the same amount of the aii- of a town contained from 
to 8-732 parte of ammoaium carbonate. Direction of the vdnd 
appears to have no influence on tlie amount of aaunonia. 
Tile quantity apparently decreases after heavy rain, tut it ia 
restored to the normal amount (about 6 parts in 1,000,000 
of air) in a few houi-s. (Pros. Roy. Soe., March, 1870). 

The proportion of ammonia contained in rain ivater ia as 
variablo as that contained in the air. It depends upon tLe 
condition of the atmosphere, and on the duration of previous 
drought. Tlio fii-st portions of rain-water contain more am- 
monia than the last. Mesars. Lawea and GUbert found that 
1,000,000 parts of^ain water collected in the country contain 
from 0-927 to 1'142 parts of ammonia. Water collected in 
towns invariably contains a larger amonnt of ammonia tlian 
that collected in the country. Thus, Barral found that 
1,000,000 parts of Paris rain water cont^ned 3-49 parts of 
ammonia. Similar results have been obtained by Dr. Angus 
Smith. The rain water of inland countiy places in England 
contains, on the avei-age, 107 parts of ammonia, exactly 
agreeing with the oiraei-vations of Messrs. Lawes Hnd Gilbeti, 
The water collected in the inland country places and more 
Hparsely populated districts in Scotland contained only 0-53 
parts of ammonia per million. The rain water of London 
contained 3'45 parts; that of Liverpool, 5-38 parts; that of 
Manchester, 6"47 paits; and that of Glasgow, 9-10 parts per 
million. These numbers are in each case the mean of many 
obser\-ationa. (Zoa. cit.) The larger proportion in tho cities 
is due to the influence of animal life, and to tlie constant 
presence of aaotized organic matter in the air of thickly- 
popalated distiicts. Ammonia is contained in the water of 
dews and fogs in larger quantity than in rain. 

Small as these amounts of ammonia and nitiic acid may 
appear, they yefc play a very important r^U in vegetation; 
they conrtitute the source from which planta obtain the 
nitrogen needed for the formation of their seed and other 
parts of their structure. Plants appear not to posaesa the 
power of directly assimilating the fi-eo nitrogen from the air; 
if placed in an atmosphere and in a soil free from ammonia 
and nitric acid, and from substances which can generate thesa 
compounds, they graditaljy lai)g\iiah, and ultimately die. 



■ AOCIDEKTAL IUPUBITIE3 IN ilH. ^^^^H 

It waa noticed by Schonbein that ammonium nitrite l^^^| 
prodncod hy the evaporatiDQ of pure water in the air. If ^^^^| 
piece of clean linen or calico, drenched with distilled watei^^^H 
and dried in the open air, be again moistened with piir^^^^| 
water, the liquid which drops from the fabric, after being ^^^ 
acidulated with pure sulphuric acid, will give the reactions of 
nitrous acid; for example, it will render iodized Btarch-pa]>er 
blue. Similarly; if pui-e w(it«r be heated to 50° or 60", .ind 
filter-paper, moistened with a solution of pure sodium carbo- 
nate, be suspended in the steam, in a very short time (10 or 15 
minutes) the paper will g^ve the reactions of nitrous acid — 
Nj + 2HjO = KHjNOj. 

Since water is constantly evaporating from its Buriace 
(and of course from the ground in its vicinity), it is 
probable that the plant may thus obtain, and indeed prepare 
for itself, a portion of its nitrogenous food. 

So far as we at present know, the only essential and 
necessary constituents of atmospheric air are oxygen, nitro- 
gen, carbon dioxide, aijueous vapour, oaone, ammor ' 
nitric or nitrous acids. Ten thousand volumes of pure atm 
spheric air may be represented to contain ; — 

Oxygen, 2065 '94 

Nitrogen, 7790-00 

Carbon dioxide 330 

Oxone, 0'015 

AqneonH vapour, 140'00 

^^^^ Ammonia, 0'08 

^^K Nitric add, 0'005 

^B 10,000000 

^^**86. Accidental Impurities ii Air. — n^iin water, c. 
leeted in vessels upon which it exerts no solvent action, is 
invariably found to contain saline substances and oi^gaaic 
matter, derived fi'om the atmosphere. Moi-eover, wc find 
that the moisture condensed from air contains organic mattefi 
dead and living. Moacati, more than sixty years ago, ob- 
served that the hoar-fi'ost, condensed on bottles filled with 
ice, and suspended over the rice-fields of Tuscany, yielded sk 
perfectly ti'anspareiit liqiud on thawing ; this, in a short 
time, deposited Hakes of a body containing nitrogen, and 
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quickly became putrid. Tlie same appearances were notTeeiT 
by E«gau.d de Lisle in the dew of the marshes of Langiiedoc. 
Vogel further observed that the moisture condensed on. cold 
Burfacea, placed in the air of an apartment containing many 
persons, quickly became putrid, owing to the presence of 
animal matter resembling impure albumen. \ 

Dr. Angus Smith has more minutely investigated the 
natui-e of the substance condensed irom the breath. If allowed 

> to stand for some time, it forma a thick, glutinous mass, 
which, when examined by a microscope, is seen to be a 
closely-matted, confervoiJ growth. Between the stalks of 

■ the conferva; are to be seen a nuiaber of greeuish globules 

' constantly moving about, various Bjiecies of volvox, accom- 
jianied also by monads many times smaller. 

The nature of the aubstauces present in rain has also been 
investigated by Dr. R, Angus Smitli, who has shown that 
the examination of raiii water affords a method of detennin- 
ing the impurities in air, and hence, probably, its compara- 
tive sanitary value. As the results of a large number o£ 
(jxpeiTments, he finds that rain falling through the air over 

; the sea contains chiefly common saltj it also contains sul- 
, phates, and in larger proportion to the chlorides than is found 
in sear-water. The sulphates increase inland, before lai^ 
towns are reached. They seem to he a measure of the pro- 
ducts of decomposition, the sulphuretted hydrogen evolved 
in the putrefaction of organic compounds being oxidized in 
the atinosphera In large towns, the amount of the sul- 
phates is gi-eatly increased, owing to the combustion of coal, 
which contains iron pyrites (FeS^), as well aa to the larger 
amount of sulphuretted compounds derived from the putre- 
faction or decomposition of organic matter. The rain wafer 
of large towns is not unfrequently acid, owing to the pre- 
BencB of free sulphuric acid; free acids are not found with 
certainty in rain water removed from the influence of com- 
bustion or manufactures. When tie rain contains 40 
pai-ts per million of free acids, the vegetation of the district ia 
rapidly affected. Ammoniacal salts increase in the rain in 
the neighbourhood of towns. They come partly from coal, 
and partly from the decomposition of albuminoid substances. 
I lie following analyses by Dr. Smith will show tb« 
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genGrnl cLaracter of the r.iiu water (and therefore of tlie 
parity of the atmosphere) in various parts of Great Britain-*^ 
The reaiilta are the mean of many experiments; they & 
expressed in parts per million : — 
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I. Amount of hydrocWDrio acid (chloridpa). 
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lOMPOUNDS OF XlTROGEN WITH HyDBOGEN AND OXYCEU. 

87. Ammonia. — NEC,. Mol. -weight 17. Density 8-5. 

This gas, tho only known compound of nitrogen and 
Bydrogen, was diacovei-ed by Priestley in 177i. It may 
be formed by the direct union of its elements in the free 
Btatfi, but it is more readUy produced by their combination in 
the nascent condition-— i. e,, in the moment of their liberation 
from other compounds. "Water containing atmospheric air 
in solution yielcta ammonia at the negative jiole during its 
electrolytic decomposition. We have already stated that 
ammonium nitrite is formed during the evaporation of water 
in the aii-. When a mixture of barium monoxide and 
carbonaceous matter is heated in air barium cyanide is pwK 

■ £. A. Sxaltb, AirawIEaia. Loudon-. ISill, 
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duced ; this compound is decomposed by steam at 

icg barium carbonate and ammonia. This process has been 

proposed as a metliod of obtaining ammonia on the large scale 

from the nitrogen of the air, Azotized organic matter yields 

> ammonia during putrefaction or by distillation: probably the 

I main portion of the naturally existing, ammonia has been de- 

I rived from putrefactive changes. 

I The ammonia of commerce is in gi-eat part produced by the 
destructive distillation of coal. This substance is composed 
I <rf carbon, hydnagen, oxygen, and nitrogen. When heated in 
closed vessels, ea in the manufacture of coal gas, the greater 
portion of the nitrogen unites with hydrogen to foi-m am- 
monia, 'which condenses in the water simultaneously liberated. 
i The ammoniacal liquor of the gas-works ia neutralized with 
I Bulphuric or hydrochloric acid, the solution is evaporated to 
I diyness, and the resulting saline mass purified by sublimation 
[ or re-crystallization. Or a current of steam is blown through 
I the liquor, whereby the ammonia ia expelled in the gaseous 
I form, and is received in diluted oil of vitriol, when ammonium 
I Bulphate separates out 

88. Preparation and Properties of Ammonia. — When 

I the compounds of ammonia are heated with caustic potash or 

Boda, or with the alkaline earths, they are decomposed with 

I the evolution of the ammonia. In the case of sal-ammouiaa 

, And lime the I'eaction may he thus represented — 

SNH^Cl + CaO = 2NHj + H,0 + OiCI,. 






nonium chloride and lime give ammonia, water, and 
L calcium chlorid& In practice it is advisable to use a larger 
[ proportion of lime than is demanded by the above equation, 
I in order to insure the complete decomposition of the ammonia^ 
I cal salt, The ammonia is disengaged, even in the cold, and 
\ TSry rapidly on the application of a gentle heat. 

Ammonia ia ^^ = 0'58S times lighter than air, Accord- 
ingly, it may be collected by upward diaplacemenl. Fig. 63 
represents the apparatus which serves for the preparation utd 
collection of ammonia. The flask a contains the mixture of 
lime and sal-ammoniac ; the cylinder b is filled with lumps of 
quicklime, which serve to Ary the gas. Ammonia may ho 
collected over mercury, but not over water, by reason of its 
jfreat solubility in that liquid. One gium of water at Q' 
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I absorbs 0'877 grnm, or 1,149 times its volume of ammonia 
a imder the ordinary pressure of the atmospUero. It haa 




Fis, 02, 



idy been stated that the solubility of the gas rapidly 
inishes with the increaBO of temperatm^. Thus, at 20°, 1 
__ ' water absorbs only 0'&2 gram, or G81 times its 

Tolmne of the gas under a pressure of 760 m.m. When 
heated to 100° water gives up its dissolved ammonia. In the 
act of absorption the solvent increases considerably in bulk ; 
the strongest solution of ammonia haa a specific gi-avity of 0'88 
It freezes at - 38°, forming a gelatinous mass, possessing very 
little odour. The ready solubility of ammonia in water may 
be demonstrated by placing a vessel filled with the gas over 
the liquid ; the water will be forcibly driven into tdie vessel, 
owing to the rapidity of the absorption. (Fig. 03.) 

Solution of ammonia has the power of dissolving many salts 
and oxides which are insoluble in water — e. g., the oxides of 
copper, silver, zinc, ic., the chloride and phosphate of 

J^ure ammonia gas has a pungent odour, and a strong 
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alkaline reaction {whence tlie name alkaline air original _ 
given to it by Priestley) : it turns reddened littnua paper blue, 



ginall^^^ 




and rendcra yulkiw I;i:iip'u-- \i:.\'t:\- Iiniwh. TIiosb colmn-a 
disappear after a time wlicn the papers are exposed to the air, 
oving to the dissipation of the animonia. Ammonia is a 
non-supporter of combustion and of respiration : animals die 
when immersed in the gas. It ia feebly combustible ; if a 
stream of oxygen be mixed with ammonia, evolved from ft 
strong aqueous solution in the manner represeiited in fig. 64, 
the ammonia will bum with a greenish-yellow flame, if ignited 
at the end of the tuba 

Ammonia may be condensed to a liquid by cooling it to 
— 40' by means of a mixture of calcium chloride and snow. 
It may more rea*lily be obtained in the liquid condition by 
taking advantage of the property possessed by certain metallic 
chlorides of absorbing large quantities of ammonia, and of 
again liberating the gas at a gentle heat. One-Lalf of a 
strong glass tube is jmrtially filled vrith dry silver chloride, 
and the tube is bent in the shajie of the letter Vi the chloride 
is then saturated with dry ammonia (it takes up about -f^ oi ' 
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b weigLt of the gas), ami tlia tube is carefully sealed, 
empty limb ia then placed in a freezing mixture, and t 




otler lunb contiiining tie ammomatid bi1 e cblonde, ia 
gentJy heated. TLe ehlo do fuses at 38 and at about 115° 
g vea o9 ta ammon a wLich condenaea m the cooled limb, by 
ite own p "essure to a clear mobile highly ref acting hquiJ, 
of ep. gr. 0'623J:, at 0°. On I'emaving the lamp, the silver 
chlonde re-absorbs the liquefied ammonia with such rapidity 
that the liquid boils. The temperature of the boiling liquid 
is about — 36°. Its vftpour-tension at — 30° is 866 nLm, ; 
at 0°, 3,183 m.m.; at + 10°, 4,574 m.iu. ; and at -s- 20°, 
6,388 m.m. — i. e., it i-equires a pressure of 6 atmospheres to 
liquefy ammonia at 10°, and neai-ly 85 atmospheres at 20°.* 
Hence the advisability, in the process of liquefaction, of 
placing the empty limb of the V tube iu a freezing mixture, 
Ijquefied ammonia readily dissolves sulphur, phosphorus, 
iodine, and many saltif. It dissolves the alkaline metola 
without change, forming azure-blue solutions. It is very 
expansible bj heat; 1 vol. of the liquid, at 0°, becoming 

• For a method ot liquefying ai 
holic solution, see Miiller, Aim. 
(1871,) 
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1-0215 Tola, at 10°, and l'0i5 Tola. at 20°. By cooling 
— 75°, it freezes to a transparent, ioe-like ninss, of greater 
specific gi-arity than the liquid. 

If the limb of the tuhe containing the liquefied ammonia 
Lo placed in a wide t«st-tube, filled with water as the re-ab- 
Borptionof thegasby the 
sUver chloride is taking 
place, the water will be 
frozen, owing to tha ab- 
straction of its heat of 
liquidity This method 
of obtaming ice Las been 
applied by M Carri in 
the ingenious ice-making 
1^ machine represented in 
fi^ 65 Ihe 1 easel A 
contamsasaturated aque- 
ous solution of ammonia; 
heated over a large 
lamp, the portion B being 
Fig. 6B, meanwhile surrounded 

by cold water. A.i the increased temperature, the am- 
monia is expelled from its solution, and condenses, by 
ibs own pressure, in B. The lamp is removed, and A ia 
now surrounded with cold water, when re-absorption 
commences; the liquid aimnonia in B commences to 
boil, and robs the water contained in the inner vessel 
(c) of so much beat that it congeals. 

89. Composition of Ammonia,— The fact that 2 
vols, of ammonia are composed of 1 vol. of nitrogen, 
united to 3 vols, of hydrogen, was first deteimined by 
Fig. 60. BerthoUet The decomposition of the gas may be 
effected by means of the apparatus represented in fig. G G. [Hie 
process depends upon the reaction which we have already 
employed for the prepai-ation of nitrogen, viz,, that 'when 
chlorine reacts upon ammonia, Lydrocliloric acid is formed, 
and nitrogen is eliminated — 

2NH, + 3C1, = 6HC1 + Na. 
A glass tube, about 1 metre long, ia scaled at ono end, and 
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divided into three equal parte (the divLsious being con- 
yenlentl^ marked by slipping caoutcliouc bauds over the 
tube). It ia then filled with clilorino over the trough in the 
uaufil manner, and connected (under the trough) with the 
little stoppered globe b, containing strong aqueous ammonia. 
This is provided with a, stopcock, a, in the tube, which passes 
through a perforated cork, by which it can be fixed into the 
tube in the manner seen in fig. 66. A <li-op of the ammonia 
solution is now allowed to fall into the atmosphere of 
chlorine. A lambent, yellowiBh-green flame marka the 
reaction between the chlorine and the ammonia. The ammo- 
niaeal solution is now brought, drop by di'op, into the tube, 
when a dense white cloud of ammonium chloride is formed, 
which Qondenaes upon the aidca of the tube. When a column 
of 3 or 4 centimetres of ammonia solution has been intix)- 
duced, the whole of the chlorine will have been converted 
into ammonium chloride by the combination of the hydro- 
chlorio acid with the excess of ammonia. By ehaking tho 
solution in the tube, the undissolved ammonium chloride may 
readily be removed from the glass. The disappearance of tho 
chlorine is rendered evident by the loss of colour in the con- 
fined gas; it is no longer yellowish-green. The gas now in 
the tube is nitrogen. Its volume may be measured by fixing 
a little syphon to the mouth of the bulb, the longer limb of 
which dips into a, dilute solution of hydrochloric acid, to 
neutralize the excess of ammonia. On gently turning tlio 
Btopcock, the acid solution passes over into the tube. It 
oontanues to be driven over by atmospheric pi-esaure, until 
the level of the liquid is coincident with the upper caoutchouc 
band. On removing the cork, a lighted taper plunged into 
the gas will immediately be extinguished. It ia evident, 
therefore, that the volume of tho nitrogen obtained ia exactly 
one-third of the volume of chlorine taken. But since, as the 
equation tells us, chlorine unites with its own hulk of hydro- 
genj it is also evident that the nitrogen and hydi*ogen con- 
tained in ammonia ai'e present in the proportion of 1 vol. of 
nitrogen to 3 vols, of hydrogen. 

Ammonia ia readily decomposed into its elements by pass- 
ing it through a red-hot tube. It may also be decomposed 
hy the electric apark. The sealed limb of the (J *ui^e (fig. 
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about one-tliird of its lieight with dry a 
volume of the gaa is acciiratelj measured by 
bringing the levels of the mercury 
ia the two limba into coincidence. 
A series of electric sparks is tbea 
passed into the gas by means of 
the platinum wires melted into the 
tube. The volume of the confined 
gas immediately increases, and in 
about ten or fifteen minutes it Till 
be seen (so soon as the levels of 
the mercury are again adjusted) to 
Iiave become doubled. By allow- 
ing a, little of the gas to escape 
thi-ough the stopcock, the pungent 
odour of the ammonia will no 
longer be perceptible, and, on the 
approach of a lighted taper, the 
hydrogen will inflame. These ex- 
periments teach us that, if we 
could effect its synthesis, we 
should find that 2 vols, of am- 
monia would be produced by the 
union of I vol. of nitrogen with 
3 vols, of hydi'ogen. 
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■ evident by means of tie apparatus represented in fig. 
The globe Ib filled with ataiospberio air, tbrongfa wluch a« 




rig. cs. 

Btream of electrio sparks can 1* \'.v---d l.y I'^i.' two \rirea. | 
In a short time the globe becomes filleil \vitb ruddy fum 
possessing an actd smell, These consist of the oxides ( 
nitrogen. In presence of aqueous vapour, oxygen, and ozonajj 
these red fumes become eventually converted into nitric acid^ 
HNOj. The oxides of nitrogen have the jxiver (like ozoaeil 
of liberating iodine from potassium iodide. If a moisteneoj 
slip of iodized Btm-ch-paper be brought withiu the atmosphere^ 
in the globe, after the transmission of the sparks, it will be ' 
quickly turned blue. 

All these agents, oxygen, nitrogen, aqueous vapour, and 
atmospheric electricity, eJtiat in nature. Accordingly, in many 
parts of the world, as, for example, in India and Peru, 1*0 
find depositions of niti-atea formed by the action of atmo- 
spheric nitric acid upon the alkaline substances contained in 
fie soil. From these nitrates we can again obtain the nitric 
add, and by indirect means the remainder of the oxides 
of nitrogezL 

91. Nitric Acid.— Symbol HNOj. Molecular weight 63. 

When potassium nitrate is heated ivith sulphtiric acid, 
nitric acid aod potassium hydrogen aulpliato are formed — 

KNOj + H,SOj = HNOj + KHSO.. 
The apparatus represented in fig. 69 serves for the prepam* • 
tion of this aeid on the small scale. The nitre ia j' 

10.— VOL. L S 
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the retort and mixed with tlie amount of sulpbimo acid 
(lomaudeil by the above equation. The nitric acid readily 
distils over at a. gentle 
heat, and is collected in 
the cooled receiver. On 
the lai^e scale eodium 
nittate OF Chili salt- 
petie la substituted for 
iiitie, and the operation 
13 conducted in large 
retorts connected 
^with earthenware con- 
Tig 60 seen m fig 70. Two 
molecnles of the nitrate are tal^en to one molecuie of sulphuric 
acid — the sodi m Ivh ^ n, BuJjhate Veing made to react 





npon the second molecule of mti'ate m accordance 'witl 
followmg reactions — 



A precisely similar reaction can be effected with potaaaiam 
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Ae, but sodluiQ nitrate is preferred on the manufacturiii| 
scale for the reason that it ia cheaper, and that a give 
weight of it can be made to yield a larger quantity of nitr 
acid than can be obtained from the name weight of niti^— ■ 
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63. 



86 parts of Bodium nitrate yielding the same amount of nitrio' 
acid Q3 lOl'l parts of potassium nitrate. 

Pure nitric acid is a colourless, strongly fuming liquid, 
sp. gr. 1-559 at 0°, and 1'530 at 16°. The ordinary acid haa 
generally a yellow colour, due to the presence of lower oxides 
of nitrogen, from which it may be freed by a current of air. 
When cooled to — 65° it freezes to a buttery moes. On 
beating, it gradually undergoes decomposition, and poBscsaea 
no constant boiling point. If the strong acid be distilled, it 
appears to boil at 86°, and lower oxides of nitrogen are 
produced, and a residue is ultimately obtained containing 66 
jier cent, of HNOg, and poaaessing a sp. gr. of 1414 at IS"^ 
If a weak acid be boiled under the ordinary pressure of th«f 
atmosphere, it gradually beeomeii concentrated until tho' 
above proportion of acid to water ia obtained, when the acid 
distils OTer unchanged. The above relation of acid to water 
cannot be represented by any simple formula. Indeed, it is 
entirely a function of the pressure under which the distiUatioa 
is effected. Ey varying the pressure, acids of varying com- 
position can be made to distil unchanged. At about 260' 
nitric acid is completely resolved into nitrogen tetroxido, 
water, and oxygen — 

2N0;,H = 2N0, + H,0 + O. 

Nitric acid, as indeed its formula tells us, contains upwards. J 
of three-fouvtbs of its weight of oxygen. It parts witli f 
a portion of its oxygen with great readiness; it is therefor* ■ 
an oxidising agent of great power. It dischai^os the colour ■ 
of indigo, stains the skin yellow, oxidizes phosphorus, sulphui 
charcoal, and some of the metals, and converts many protx>-fl 
salts into persalts. Some of these i-eactions may be used a 
testa for nitric acid. If a small quantity of nitre be die 
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Eolved in a strong Bolution of ferrous Bulphate, and a, t 
drops of concenti'ated sulphuric acid lie carefully poured 
down tlie side of the tube containing the Eolution, so that the 
heavy acid faUs to the bottom of the tube without sensibly 
i-aising the temperature of the liquid, an immediate brown 
ooloratioa will maiiifeat itself where the two liqmds meet. 
This effect is due to the reduction of the nitric acid, liberated 
by the action of the sulphuric acid, by means of a portion of the 
ferrous sulphate; the lower oxides of nitrogen thus produced 
dissolve in the remainder of the ferrous sulphate with the 
formation of the brown colour. 

9^. De&lition of an Acid. — As nitric acid presents the 
first instance in which we have had occasion to study tha 
properties of one of the important seiies of chemical com- 
pounds called the acids, it may now be well to state more 
pai-ticularly what wo mean by this term. 

Acids were formerly defined to be soluble substances of a 
BOUT taste (Gr, iS£u!, sour; a£ot, VLoegar; Lat actdtis, Bourj 
aeetunt, vinegar), possessing the power of reddening many 
blue and violet colouring matters of vegetable origin, and 
capable of dissolving earthy or alkaline substances with the 
loss of these distinctive properties. These qualities were 
long considered to be essential to acids, until it was recognized 
that many substances supposed to have no direct chemical 
relation to the acids also possessed these properties. Thus, 
common alum is soluble in water, possesses a sour taste, 
changes vegetable blues to red, and neutralizes the alkslinity 
of potash and soda. 

for more than a quarter of a century after the discovery 
by Lavoisier that many substances when burnt in oxygen 
gave rise to bodies possessed of the above-mentioned pro- 
perties of acids, chemists were content to believe that this 
element was a constituent of all acids — that it was, in fact, 
the acidifying principle. It was pmnted out, however, that 
many suletances <li5tLQctly analogous in their relations to 
nitric, sulphuric and carbonic acids, and possessing acid pro- 
perties, did not contain oxygen. Thus, it was shown that 
hydriodic, hydrochloric, and hydrocyanic acids were free &om 
osygsQ, and yet possessed the essential atbiibutca of an amd. 
Hence arose the necessity of subdividing the acids into two 
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groiipa — tte oxiaeids, acida containing ojtygeu; and hydracids, 
ocidB containing no oxygen — a subdivision which ia Htill 
used. After the diHcovery of the composition of the hydracids, 
lavoisier's theoty of the constitution of the acida wea un- 
tenable. Davy pointed out that all tbe acids contained one 
clement in common — viz., hydrogen; and Dulong, and aftej-- 
wai-da Gei-hardt, extended the observation by showing that 
salts might be considered to bo derived from the acid by the 
elimination of this hydrogen. Thus — 
HNO, HCl H.SOi 
KHO, NaCl HKSO,, and K^SOj. 
It is evident from these relations that the constitution of 
Bcida and salts is analogous. The acids can no longer be con- 
sidered as essentially distinct in their natur& They are 
merely particular classes of salts; they are salts of hydrogen. 
Thus, nitric acid might be fitly called hydrogen nitrate; 
hydrochloric acid, hydrogen chloride, and so on. Hydrogen 
comports itself in these compounds exactly as a metal; it 
leaves the acid radicals — NOg, CI, and SO,— and gives place 
to other metallio elements, or combinations of elements, which 
react as metals, by a process of double decomposition. 

93. Baeicity of Acids. — The amount of hydrogen con- 
tained in an acid »nd replaceable by an element like sodium 
jjotassium or silver, determines the basicity of the acid. 
Thus, nitric acid is a monoba^o acid; it contains only om 
atom of displaceable hydrogen. Sulphuric acid is dibaaie, two 
atoms of potassium eliminating an equal number of hydrogen 
atoms &om this acid. Phosphoric acid is trihatie; it contains 
tliree atoms of hydrogen which can bo so replaced. Acids of 
a greater basicity than luiity are fi.-cqucntly termed polybasio 
acids. . I 

NivHO + HNO, = NftNOs -h H,0 ■ 

EKHO -)- H,SO, = KjSO, + 2H,0 ■ 

3Ag,0 + 2H:i,P0i = 2(Ag5F0,) + 3H,0 

94. Komenclatnre of Baits. — The student will already 
have noticed that the names of salts containing oxygen are 
derived from tljc names of the base and the add from which 
they are obtained ; thus, the name sodium nitrafa indicates 
that this body, is to be regarded as nifn'c acid in which the 
liydrogen has been replaced by sodium — 



INOltGASflO chemieteY. 



HNO, 
Hydrogen Nitrate or Nitrio Acid. 
ThuH, too, the name sodium nitrite m 
IB nitrou* acid in wliicli tlie hydroge 
Bodium — 

HNO, _ 
Hydrogen Nitrite or Nitrons Acid. 

It ■will be noticed that the acid ending in -ous forme a 



ms that this Bubstance 
haa been replaced 1; 



1 

I 



. -ile; and that an acid trith the termination -tc gives 









Snlpbnroiu acid gives SuIphiVes. 
Sulphuric acid „ Salphalea, 
Pliosphoroiu ncid , , Pliospliiff «. 
FliaaplioHi; acid „ Fhospluifes. 
95. ClaBBiflcatioa of Salts. — Salts containing oxygen are 
classified as normal, acid, and bagic 

A. normal salt is formed from an acid by the replacement 
of all its hydrogen by an equivalent amount of a metal, 
by a group of elements which go in and out of combinatii 
like an element — 

Acid Nohmal Salt. 

Chloric acid, HCIO,, Potassium cidorate, KClOj. 

B.iph™ „id, H,so.... I i±T^tt"&KSrj,ao, 

NitrouB Rcid, HNO,, Silver nitrite, AgNO,, 

PhMphoric acid, H,PO, Trioalcinro phoaphate, CaafPO,),. 
An acid salt is derived by the partial replacement of the 
hydrogen by a metal, or group of elements acting like a metal. 
Acid salts are, therefore, derived from polybasic acids — 

A<!id. Acid Salt. 

Carbonie acid, H-COj,... Sodium hydrogen carbonate, KaHCOj. 
SulphnranB acid, HjSOj, Potaasium liyiogen Bulphitc, KHSO^ 
Sulphuric acid, HjSO,,.. Potaasium hydrogen sulphate, KHSOj. 
Phosphoric acid, PO,H„ 1 ??^'"7 ^-l-rdrcgen phospha' 
r -> * w J Di-sodium hjarogoQ pnospnu . 

Basic salts are derived from normal salts by the substitu- 
tion of oxygen for an ec[iiivaleQt amount of the acid-fiuc^StM 
or radical; thus — 
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Pb3(N0,),0j 
Fe,(SOj)0,. 



H KlTllOG&N ^eiTTOZIDE. 

* 96. Kitroxygeit Beriea. — By the elimination of tha el» 
ments of water, and tlie gradual removal of oxygBU, s " 
defined series of niti-ogen tixidea miij be obtained. Tlieir n 
lationa may be thus represented — 

2HN0j — HjO = NjOj, oi: nitrogen pentoride. 



2HN0, - 

2HN0, - 
2HN0, — HiO - 
2HN0. — HjO - 



Oj = 



IT nitrogea tetroxide. 
IF nitrogea trioxide. 
ir nitrogen dioxide. 
IT nitrogen monoxido. 



The elimination of the water may, in the first instance, h 
bronght about by the action of a powerful dehydrating agentj 
Its expulsion in subsequent cases, and the gradual withdrawal 
of the oxygen, may be efiected by the action of various metalW 
The degree of deoxidation depends upon the nature of t 
metal, the concentration of the acid, and the temperatui 
which the reaction occurs, 

Nitrogen penloxide may be obtained by treating nitrio 
with phosphoric pentoxide — 

2HN03 — HjO = N.Oj. 
I. Nitrogen tetroxide is largely formed by the action of 
nitric acid on tin — 

4HN0, + Sn = 2H,0 + HNjOj + SnO,. 
3. Nitrogen trioxtde may he obtaiuotl by the action of nitric 
upon Mlver — 

flHNO, + 2Ag, = 3H,0 + N,0, + 4AeN0,. 
Nitrogen dioxide is readily formed by the action of nitric 
acid on copper — 

8HN0, + Cn, = 4H,0 + 2N0 + 3(Cu2NO.). 
5. Nitrogen monoxide may bo prepared by the action of 
zinc on dilute nitric acid — 

lOHNO, + 2Znj = GIIjO + N^O + 4{Zu2NOj). 
97. Nitrogen Pentoiide. ■ — Symbol K.O, ; molecular 
weight 108. 

This remarkable compound was discovered by H. Deville, 
in 1849; he pi-epared it by the action of dry chlorine on 
perfectly dry silver nitrate. The reaction may bo thus 
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I«ited— 



SAjiKOj + C!, = NjOj + 2A(,^1 + 
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It lias been ahown, liowever, that the reaction 
occurs in two phases. The first action of the chlorine upon 
silver nitrate gives rise to vUVryl chloride (NOjCI), oxygen, 
and silver ctloiide — 

AgNOj + CI, = AgCI + N0,C1 + 0. 

The mti7l chloride then reacts upon a second molecule of 
Bilver nitrate, forming nitrogen pentoxide and eOver 
chloride — 

N0,01 + AgNOj = AgCl + NiOj. 

Witrogen pentoxide may be obtained by the direct action 
npon aUver nitrate of nitryl chloride (prepared by acting on 
ailver nitrate by phosphoruH trichloride). The vapours of 
the nitryl chloride are passed over the well diied nitrate 
heated to 60' or 70", and the nitrogen pentoxide is condensed 
in a tube surrounded by a freering misture. Nitri^n 
pentoxide, or nitric anhydride (as it is sometinies termed), 
may also be obtained by the dehydration of nitric add by 
phosphoric pentoxide. To obtain it in this manner tbe nitric 
acid requires to be very concentrated and free from nitroua 
acid, and to be maintained perfectly cold during the reaction. 
Tiie anhydride is distilled at a very gentle heat, and purified 
by reorystallization from strongly cooled solutions in nitric 
acid — 

GNO,H + PsO, = 2H5P0( + 3N,0(. 

It forms colourless prismatic or needle-shaped crystals of 

great brilliancy, melting at 30", and boiling at about 45*. 

It is a very unstable substance, slowly decomposing even at 

ordinary temperatures. With water it forms nitric acid — 

NO, i n 4. H i „ _ NO, ) n X NO, i f, 

It acta rapidly on eul])]iur, phosphoms, and tho alkaline 
metals, setting them on fire. On adding it gradually to 
strong nitric acid, and cooling tho mixture, a crysttdline 
hydrate separates out, having the composition SNjO^HjO. 
In its chemical properties this hydrate resembles the 
pentoxide. It solidifies at 5°, and has a ap. gr. of 1-643 at 
18° It is slowly decomposed at ordinary tempei-aturea, anil 
rapidly on heating. It stands exactly in the same relation 
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' to nitric acid that NordhauEen oil of Titriol docs to Bulpliuiic 

98. Nitrogen Tetroxide. — N^Oj or NO.,; molecular 
weight 92 or 46; density 4C or 23. 

This compomid miiy be obtained by heating well dried 
lead nitrate ia a bard glass retort, and condensing the pro- 
duct in a mixture of ice and salt — 

Pb2N03 = PbO + N,0< + O. 

Nitrogen tetroside forms colourless transpai-cnt crystals 
-whicb melt at — 10"; when once fused they remain liquid 
even at - 21°. This liquid, at low t-cmperatiu-es, ia colour- 
less, but on gently heating it acquires a faint greenish- 
yeUow tinge; at 10° it is full yellow, at 15° orange yellow; 
the colour now gradually darkens with the increment of 
temperature up to 22°, when the liquid boils. The vapour is 
red«iiah-brown; on heating it gradually deepens in colour, and 
at 40° it ia almost black. These remarkable changes in 
colour are accompanied by a rapid diminution in the density 
of the gas. Thus, at 26'7° its density is found to be 38-3; 
at 60-2°, 30-1 _; at 100-1°, 24-3; at 135°, 23-1. These pheno- 
mena seem to indicate the occurrence of some molecular change 
in the Bubatance, resulting from the action of heat;' they 
may be best explained by the asmimption that at low tem- 
peratures the body possesses the composition, NjOj, and the 
density 4G, but that as the temperature increases its mole- 
cule gradually splits up into two molecules of NO^, possess- 
ing the density 23. It has been calculated that at 2U-7° 20 
per cent, of the molecules are dissociated; at 60'2°, 52'04 per 
cent.; at 100-1°, 89-23 per cent.; and at 135°, 98*69 per 
cent.; the dissociation being complete at about 140°. * This 
representation of the constitution of this compound receives 
aome support from the reaction of water upou it at a low 
temperature. If a small quantity of ice-cold water be added to 
well-cooled nitrogen teti-oxide, the following reaction occurs : — 
H,Oi -f H,0 = HNOj ■\- HNOj. 

* Dr. Aodrews lias recently obsorved a dmilar darkening m the 
colour of bromine vapcmr when subjected to hent; tbia may possibly 
have eame relation to the phenomenon aeen in the caaa of nitrogen 
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Kitrogea tebroxide and water form nitrous and nitric acids. 
If water at ordinary temperatures is added to nitrogen 
tetroxide the liquid becomes successively blue, green, and 
orange coloured. Tlicso changes of colour are probably 
dne to the gradually increasing solution of the nitrogen 
tetroxide in the nitric acid formed. 

Nitrogen tetroxide may be synthetically prepared by tiie 
action of nitryl chloride on silver nitrite — 



H0,( J. NO In _ .^ ^ NO,) 
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A reaction also tending to eatabliah. for nitrogen tetroj 
the formula, NjO^. 

Nitrogen tetroxide (NOo) may be heated to low redness 
without decomposition ; but strongly ignited phosphoms and 
charcoal decompose the gas, and bum in it "with great 
brilliancy. Potassium inflames spontaneously in the vapour, 
and burns with a. red flsmc. 

99. Nitrogen Triozide. — Symbol N^Ogj molecular weight 
76; density 33. 

This compound is most readily prepared by the action of 
nitric acid of sp. gr. 1 25 upon arsenic trioxide — 

Ab,0, + 2HN0a + 2H,0 ^ Nfi^ + SHjAbOj. 
Arsenic trioxide reducing the nitric acid to nitrogen trioxidd 
and forming arsenic acid. It is red gas, fuming in the air, 
and condensing to a dark blue liquid at 18°. It is dis- 
solved by water with the formation of nitrous acid, HNO^; 
by substituting various metals for the hydrogen in this acid a 
series of aomewhat unstable salts, termed the nitrites, may be 
obtained. The solution of this acid acta both as an oxidizing 
and as a reducing agent. It discharges the colour of indigo, 
liberates iodine from potassium iodide, and converts ferrous 
Baits into feme salts. On the other hand, it reduces per- 
manganic and chromic acids to lower states of oxidation, and 
eliminates gold and mercury in the metallic state from their 
combinations. 

The pi-oduction of ammonium nitrite from water and 
atmospherio nitrogen has already been mentioned. Still 



qutmtitiea of this compound are obtained by burning ^^H 
hydrogen, in the air; the condensed water will be found I 

to give readily the reactions of nitrous acid, 

A very instructive illuatration of the formation of am- | 

monium nitrite may be witnessed by plunging a thick coil of 
platinum wii'e, heated to redness, into an atmosphere of 
ammonia, created by pouring a few cubic centimeti-es of 
strong ammonia solution into a flask. The platinum con- 
tinues to glow with increased energy, and white fumes of 
ammonium nitrite are formed. By allowing a gentle stream 
of oxygen to pass into the ammoniacal solution, the action 
will be augmented. Occasionally the temperature of the 
platinum becomes so high that an explosion results. ' 

Nitrites are not unfrequently found in the well waters of 
towBaj they have in such cases been formed by the oxidation 
of nitrogenoiia organic matter due to the infiltration of sewage 
into the wateiu 

100. Nitrogen Dioxide.— Symbol HO; molecular weight 
30; density 15. ' 

This gas is usually prepared by the action of nitric acid j 

upon copper. The reaction has ah-eady been represented — I 

3Ca + 8HNO3 = 3(Cu2N03) + 2S0 + 4H,0. 
The nitric acid should be dUuted with its own volume of 
water; if the temperatui-e is allowed to rise, or if stronger 
acid be employed, the gas becomes mixed with free nitrogea 
and nitrogea moaoxide. It may also be abimdantly obtaiaod 
in a purer state by heatiag a solution of ferrous Bi;lj>hat«, 
acidulated with sulphuric acid -vdih potassium nitrate— 
6FeS0( + 5HjS04 + SKNOj - 3Fei(SO,)3 + 2EKS04 + 4H,0 + 2N0. 

Nitrogen dioxide is a colourless permanent gas, of sparing 
solubility in water. It is abundantly soluble in nitric acid, 
to which it imparia a brown, groen, or blue colour, varying 
with the concentration of the acid. These changes are 
probably due to its conversion iato nitrogen tetroxida Tho 
gas is also fi-eely dissolved by ferrous sulphate Bolatioa, to 
which it imparts a deep brawn colour; the fonnation of this 
colour is employed as a test for nitric acid. 

Nitrogen dioxide readily combines with oxygen, with the 
formation of dense ted fumes, consisting for the most part 
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(particulAFly if the Utter gas be in excess) of nitrcgeii tetrcuddt 
As these fumes are iouuediatelj dteaolTed bj water, it is poss 
ble, by means of nitfc^n dioxide, both to detect the presence 
and to detemiiiie the amount of iree oxygen, in a mixture 
of gases. This method n~as formerly moch used as an eadio- 
metric process : it was so employed by Priestley and Cavendish, 

Nitrogen dioiide is a feeble supporter of comboslion. 
Althongh it contains nearly three times the amount of oxygen 
vhieh is present in the same bulk of air, it extinguishes & 
lighted taper, and the flame of burning sulphur. Fhosphorus, 
"when rapidly bumirg, is able to decompose the gas, and bo 
continnes to bum in the liberated oxygen. Nitrogen dioxide 
and carbon bisulphide Tapoor form a highly inflammable 
tnixtnre, which bums with an almost instnntaneous flash of 
lavender coloured flame, 

Nitrogen dioxide is the most stable of the oxides of nitrogen. 
It is not decomposed at a low red heat, and is but slowly re- 
BoWed into its elements by the induction spark. Nitrogen 
dioxide mixed with hydrogen and passed over heated platinum 
block is converted into ammonia. 

One litre of nitrogen dioxide at the standard temperature 
and pressure is found to weigh 1'343 grams. It is thcrefcre 
o'n'aVii ' ^^ ^^ times heavier than hydrogen. Its composition 
may be ascertained by heating potassium in a measured 
volume of the gas; the potassium deflagrates, and the residual 
gas ia found to be pure nitrogen; it occupies half the original 
volume. Two volumes of nitrogen monoxide, weighing 30, 
are made up of 1 volume of nitrogen, weighing 14, and 1 
volume of oxygen, weighing 16, united without condensation. 
Hence the formula of the gas is NO, and not N^O^ which 
analogy and its place in the series of nitroxygen compounds 
might seem to indicate. Possibly when the gas is condensed 
it may be found that its molecule, as in the case of the 
tetroxide, possesses twice the owlinary weight, 

101. Nitrogen Monoxide. — Symbol N^O; molecular 
weight 4i; density 22. 

This gas may be prepared by heating ammonium nitrate 
NHjNOjj the reaction may be thus represented — 
NH4NO, = N,0 + 2H,0, 
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^* Ammouium nitrate fonns nitrogen monoxide and water. 
Care should be taken not to heat the ealt above 250°, other- 
wiae a portion of the gas is resolved into nitrogen and 
niti-ogeu dioxide. Ammomnm nitrate, and nitrite BUblime 
and free ammonia is generated. This decomposition ie occa- 
eionally attended with an esplosion. The gaa may also be 
obtained by the action of dilute nitric acid upon zinc — 

JOHNO, + 2Zn, = 4(Zii2N0,) + 6H,0 + H,0. 
It is likGwisG formed by decomposing nitric acid by meajiiB of 
a solution of stannous chloride in hydro- 
chloric acid ; by heating; sal-ammoniac with 
dilut« nitric acid (sp. gr. 1 '2) ; and by pacs- 
ing a alow stream of nitrogen dioxide into 
Bulphur dioxide solution. 

Nitrogen monoxide ia a colourlesi 
of ft faint odour and sweetish teste. It ia 
slightly Boluble in water; 100 volumes of 
water absorb 130 volumes of the gas at 0°, 
and 61 volumes at 24°. In collecting it 
over the pneumatic trough warm water 
should therefore invariably be used. If 
cooled dovra to — 88°, or exposed to a 
pressure of 30 atmospheres at 0", it con- 
denses to a mobile liquid of sp. gr. 0908 : 
according to Fai'sday it ia the least refrac- 
tive of all liquids. In contact with the 
akin it pi-oduces a blister like a hum; 
potassium floats on its surface unaltered; 
sulphuric and nitric acids and water are 
immediately frozen when mixed with it. 
By cooling the liquid to — 115° C, or by 
allowing it to evaporate very rapidly, it 
may be frozen to a wliite snow-liko mass. 
When mixed with carbon bisulphide in 
Tftctto it produces the lowest temperature 
hitherto attained — viz., about - 140°, 
liquid nitrogen monoxide may be readily obtained by com- 
pressing the gas by mechanical means, Fig. 71 shows the 
iron or copper receiver into which it is compressed by means 
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a force pump. Tti order to facilitate tlie condensation 
vessel is cooled by immersion in a mistnre of ice and salt. 

Nitrogen monoxide, although containing less oxygen than 
the dioxide, ia a far more enej^etic eiipporter of combustion 
than that substance. A glowing chip of wood bursts into 
Bame when plunged into the gas, and phosphorus, sulphur, 
zinc, and iron burn with almost as much brilliancy as in pure 
oxygen, to form their reapective oxides. Sodium or potassium 
heated in the gas bums with the formation of an alkaline 
monoxide. This reaction may serve to determine the com- 
position of nitrogen monoxide. After deflagration, the 
residual niti-ogen ia found to occupy the original volume of 
the gas. As the gas is found by experiment to have the 
density 22, two volumes of it must be made up of two voh 
of nitrogen combined with one volume of osygen 
to two volumes. Accordingly its formula is N^O. 

nitrogen monoxide exerts a very remarkable action on the 
economy when breathed. Inspired in small quantity it 
occasions a transient form of intoxication, which quickly 
passes into complete insensibility. On account of the ease 
and certainty with which this latter effect may be produced, 
nitrogen monoxide has received an important application as 
an anEesthetic agent, particularly in minor sui-gical operations. 
Its action is very brief, and without injurious or disagreeable 
after-effects, if the gaa be free from other oxides of nitrogen. 

Nitrogen monoxide appears to give rise to an acid which 
stands in exactly the same relation to this gaa that nitrous 
and nitric acids respectively stand to nitrogen trioxido and 
pentoxide. This acid has tlie formula HNO : it may be called 
hyponitroiia acid — 

NO, I o NO ) o N I o 

Fcntoxide. Nitrogen Trioiide. Nitrogen Monoxida, 



Nitrous Acid. 



HyponitrouH Acid. 



The sodium salt of the new acid, KaNO, ia obtained hj 
digesting a cold solutioa of sodium nitrate witli sodium 
amalgam. If the alkaline liquid be neutralized with aoctio 



acid, and mixed with silver nitrate solution, a yellow pul- 
verulent precipitate of silver hyjHmitrite, AgNO, is formed. 
(Divers Proc. Hoy. Soc. 1871.) 

102. Hydroxylamine.— Symbol NHjOH. 

This remarkable substance may be obtained by the acUon 
of nascent hydrogen upon nitrogen dioxide. If a Nti-eain of 
Ditrogea dioxide be passed into a series of flasks containing tin 
and hydrochloric acid mixed with a small quantity of platinum 
tetrachloride solution (whereby hydrogen is evolved at ttio 
ordinary temperature), the chloride of the new base is formed. 
It may be obtained by freeing the solution from tin by a 
current of sulphnretted hydrogen, filtering and eva]MJrating to 
dryness. The saline mass is first washed with cold alcohol, 
and then boiled with absolute alcohol to disKoIvc the 
hydroxylamine chloride& By adding a little ether to the 
solution, the chlorides are precipitated in small crystals, which 
may be pniified by recrystalli^tion from absolute alcohol. * 
The aalffl of this base are all highly soluble crystalline com- 
pounds; ihey are &ee from wat«r of crystallization, and are 
decomposed at a gentle heat. The base itself is known only 
in solution; it ia very volatile, and is easily decomposed; it 
possesses an alkaline reaction, and precipitates solutions of 
lead, iron, nickel, and zinc. With solution of copper sul- 
phate it foi-ms a light green precipitate which ia reduced to 
cuprous oside on heating witL water. 
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103. Carhon. — Symbol C; atomic weiglit 12. 

The study of this element, strictly speiiing, belongs to the 
division of Organic Chemistry, or that portion of the science 
which treats of the carbon compounds. But eaibon possesses 

• LoBsaa has recently aliown that a namber of thene cliloridea 
-~i«t. He has obtained the following:— NH^O. HCl, 2SH,0.HC1, 
d SNH.0. 2HCI. The two latter aalta are deUqnesccnt, and -very 
'ugly solnbte in alcohol 
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Bach important reltitioiis to the Dtlier elements that 
absolutely oecesEai?, even at this early stage of our study of 
Inorganic Chemistry, to consider its main properties, together 
with those of some of its combinations with hydrogen, oxygen, 
nitrogen, &c. 

Carbon is one of the most widely diffused of the elements, 
It occurs in the free state as the diamond, as gi'aphite, and as 
charcoal; these three varieties constitute allotropic modifica- 
tions of the element. No better example of the strildng 
differences which it is possible to effect in the physical 
appearance of a substance, by variety of atomio arrangement, 
could be adduced than that of the allotropes of carbon. 

Carbon also exists in nature in combination with oxygen, 
forming carbon dioxide, a gas which is present in the frea 
state in the air, and is largely evolved from sabterranean 
sources. A. large proportion of the solid crust of the earth is 
made up of compounds of carbon dioxide with various bases, 
entire mountain chains being composed of the carbonates of 
calcium and magnesium. Immense areas of calcium car- 
bonate, brought together by the vital processes of minute 
organisms, exist beneath the sea's surface. All organic matter 
contains carbon in union with hydrogen, oxygen, nitrogen, 
&c,; indeed, this element is specially characteristic of animal 
and vegetable life; every organism contains it. Carbon 
enters into the composition of a larger number of compounds 
than any other element. Its combinations with hydrogen 
are particularly numerous; the petroleum oils, naptha, marsh- 
gas, benzene, illuminating gas, &c., are all hydrocarbons — that 
is, compounds of cai'bon and hydrogen. 

104, The Diamoad is the purest form of carbon; when 
colourless it leaves aft«r combustion only a minute trace of 
earthy matter. Diamonds are not unfuequently found of a 
yellow, red, green, brown, or blact colour; tlieir colour is 
generally due to minei'al matter. Such diamonds when 
burnt leave from 0'2 to O'G per cent of ash. 

The diamond is found in various parts of the world, 
particularly in India, Brazil, Borneo, and Smith Africa. 
Although the other forms of carbon are very abundant in 
Great Britain, the diamond has never been discovered in 
these islands; indeed there is only a single instance of its 
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having been found in Europe — viz., in Boliemia, The mode 
in which the diamond is formed is quite unknown to 

The diamond was first shown to be a combustible Eubstanoe 
by the membei-a of the Academy del Cimento, who succeeded 
in burning it by the aid of a lena. Lavoisier found that the 
sole product of its combustion in oiygen was carbon diosido. 
The diamond (adamant) is one of the hardest subatanceB 
known; it ia capable of scratching and cutting the gi-eatei' 
number of other bodies. It is largely used for cutting glass 
and for polishing gema. The abraaioa of the diamond itself 
can only be effected by its own dust. The diamond occurs 
in well defined crystals belonging to the regular system} 
some of its fonns are highly complicated. Its specific gravity 
is about 3 '5. Under ordinary circumstances it is perhaps the 
most unchangeable of all substances, but in the intonse heat 
of the electric arc it swells up, and is converted into a black 
opaque mass of coke. 

lOS, Graphite is found in formations in which the 
diamond has not yet been discovered. It occurs in Cumber- 
land, in Cornwall, ajid in various parta of Scotland, Ireland, 
and the Isle of Man. It ia also found in Ceylon, and in the 
United States, &c. It usually occurs in missive or in 
hexagonal plates, crystallizing in a form totally distinct iram 
that of the diamond. Carbon is therefore dimorphous — i.e., 
it occui-s in two distinct crystalline shapes. Graphite has a 
well known leaden-gray lustre (hence ita common name of 
black-lead); it ia friable, and leaves a streak on paper, 
■whence its application in the manufacture of lead pencils. 
Ita specific gravity ia about 2-3. It always contains more or 
leas admixed earthy matter. Unlike the diamond, it ia a 
good conductor of electricity; hence its application in the 
electrotype procesa. Its friability renders it valuable aa 
a lubricant for machineiy and for polishing stoves; and its 
]>ermanency leads to its employment in the manufacture of 
crucibles, and as a covering for the snrface of gunpowder. 

Carbon in the form of graphite occasionally separates oat 
- Sram molten cast iron; the peculiar coloiir and appearance 
of gray cast ii-on are due to the dissemination of particles of 
graphite or "kish" throughout the mass of metal. Graphite 
liaa also been obsei-ved to form in the decomposition of 

10.— VOL. - 
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nlkaJine cyanides. The mother liquora obtained in ihe in 
facture of soda'aeh ara often utilized to make caustic soda. 
For this purpose it is necessary to oxidize the aulphides and 
cyanides contained in them; sodium nitrate is therefore 
added, and the whole is cTaporated to diynesa and heated, 
when the surface of the mass is ohserved to become covered 
with ft layer of graphite. 

Gi-aphite requu'ea the action of the sti-ongest agents to 
oxidize it. Ey a pi'ocesa of limited oxidation it is converted 
into a crystalline substance, termed graphitic acid by Erodie, 
its discoverer. This body has the composition OjjE^Oj. 
Bchulze has recently made the interesting observation that 
graphite may he oxidized to tnellitie acid C^H^O^, an acid 
occurring naturally in honeystone or melltte (aluminium 
mellitate). 

106. Charcoal is distinguished from the preceding modi^ 
fications of carbon by ita want of regular geometrical form; 
it is accordingly termed the amorphoua variety of carboa 
Charcoal is readily obtained by the destnictive distillation 
of organic substances. Wood, for example, when heated 
out of contact with air, yields a variety of volatile products, 
and leaves a residue of charcoal. This charcoal is not pvird 
carbon j it always contains oxygen, hydrogen, and a small 
quantity of nitrogen, in addition to the mineral constituenta 
or ash of the wood. 

Where wood is plentiful, it is often converted into char- 
coal by burning it with a very limited supply of air; the 
combustion of a portion of the wood is made to effect the 
carbonization of the rest. Billets of wood are built into a 
large conical heap, which is carefully covered over with turf, 
or moistened ashes obtained from previous burnings; holea 
are left at the base of the heap, together with a hollow space 
in the centre. Through the latter lighted faggots are thrown, 
which set up the slow combustion of the whole mass, the 
gaseous matters being evolved through the centre flue, and 
through the holes at the bottom. Tho opei-ation of burning 
requires careful watching; it lasts for several days, and 
yields about 24 per cent, by weight of charcoal. 

In this coun1^, where the volatile matters are of more 
importance than tjie charcoal, the wood is heated m large 
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iron cylindera; among the producta of its deatructive distil- 
lation are found tar, pyroligneoua acid (acetic acid), and 
wood Bpirit. 

Charcoal awime on the surface of water. In reality, how- 
ever, it is specifically heavier than that liquid, 
ite specific gravity being ahout 1 5 , its ap- 
parent lightness is due to the buoyant action 
of the air inclosed within ita numberless 
pores. The highly porous nature of charcoal '1 
may be rendered evident by sinking it (by I 
means of an attached piece of lead) m a P 
cylinder of water, and placing the cylinder .^S" ^= 
under the receiver of an air-pump, on ex \~ 
Lauating the air, a number of bubbles will 
start &om the surface of the charcoal, and 
give the liquid the appearance of eSertes- 
cence. The same fact may be elegantly 
shown by tho aid of the apparatus seen in 
fig. 72. Tlie tall, cylindrical gla^ vessel a 
is completely filled with, water, and, before 
the cover is screwed down, a few pieces of 
charcoal are placed on the surface of the 
liquid. By tdtemately turning the three- 
way cock «, communication may be efiected 
either with the vessel a, or with the reser- 
voir b; and, by raising and depressing the 
piston e, water may be forced mto the 
cylinder. The compression experienced by 
the water is determined by the contraction 
seen in the air-guage d ; as soon as it reaches 
3 or 4 atmospheres, the pieces of charcoal 
%¥ill be observed to sink. The air withm 
the pores is compressed to such a degree 
that water enters, and thus renders the mass 

specially heavier than the liquid. On gi-adu- 

ally tujning the cock, so as to allow the L^^^BLULI 
compressed water to flow back into the T'lg 72 
reservoir, the air witliin the manometer will e"^pand, and the 
charcoal will rise again to the surface 

By virtue of ita porosity, charcoal readily absoibs gases. 
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If a piece of recently ignited charcoal ba brouglit into a 
tube containing ammonia gas, and standing over mercnry, 
the gaa wiD be rapidly absorbed, and the mercury will rise 
in the tube. If a fragment of charcoal be heated, and allowed 
to cool in an atmosphere of sulphuretted hydrogen, and ba 
then plunged into a jar of oxygen, it will burst into flame, 
owing to the energy of the mutunl action of the gases. 
Charcoal from hard wood absorbs gasea to tlie greatest 
extent. Of the various forms of charcoal, the beat absorbent 
appears to be that obtained from the sheU. of the cocoa-nut. 
One volume of such charcoal ignited and quenched under 
mercury absorbs, at the ordinary temperature, the following 
volumes of the various under-mentioned gases {measui-ed at 
Cand 760 m.m.):— 



Aminanja, ... 



747 , 

a utoaoxide, 70'S , 



Hydrogen phosphide, 691 vols. 

Carbon dioxide, 677 „ 

Carbon moDoxids, 21*2 „ 

Oxygen, 17*9 „ 



Vapours are also absorbed by charcoal in amount vwying 
with the temperature. The volume absorbed decreases as the 
vapour is more and more removed from its point of condensa- 
tion. This fact will be seen from the following tabla The 
absorbent in all cases was cocoa-nut charcoal :* — 



.Ixorbcd. Tcmpentun 



Carbon dioxide, . 



21-9 



126 '2 
13G-5 

127-5 



100-0 
128-5 

1537 



The gas expelled from charcoal which has remained exposed 
to the air for a long time, consiste entirely of nitrogen and 
carbon dioxide: the oxygen absorbed at the sajue time as 
the nitrogen having become converted, by contact witli 
the carbon, into carbon dioxida In consequence of its 
power of absorbing gases, charcoal is largely used aa a 

• Hunter, C7inn. Sac. Joura. [21 IH. 2SC, V. 100, VI. 189. 
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cliBUifeotant.' Tbe fetid and deleterious gases evolved in 
putrefaction lire immediately absorbed by powdered charcoal, 
imd oxidized by the oxygen condensed witbin its pores. 
When sprinkled over decomposing organic matter all 
effluviiun is at onco arreated by the powder. For thi3 reason 
the ventilating shafts of sewers are fittechwith cases containing 
charcoal. The respiratoiB invented by Dr. Stenhouse consti- 
tute a valuable application of this property of charcoaL 

The various forma of charcoal have also received very 
extensive applications in the arts from their power of 
decolorizing liquids. If recently ignited and powdered 
charcoal be heated with a decoction of logwood, the colour of 
the liquid will be discharged. This power of decolorization 
is possessed in it much higher degree by animal charco&l or 
bone-black, the substance obtained by chaning bones in 
closed vessels. The composition of bone before and after 
charring may be thus represented — 

BeJore Chanflog. 

" ' matter, 

phosphate, . 






lediun phosphate 1 

1 calcium carbo- > 

Date, tc, , ] 



Other Si 



10-0 I 

isphate, 68-0_^^H 

S-O'^^H 



Bone-black is simply a highly porona mass of calctum 
phosphate containing finely disseminated carbon. It ia 
employed to a large extent in decolorizing syrups in sugar 
refining; its application to this purpose was proposed by 
Derosnes ia 1812. The charcoal in coarse powder is placed 
in long cylinders varying in depth from 10 to 50 feet, and 
the dark brown syrup is run on to it from the filters. The 
saccharine fluid issues from beneath in a perfectly colourless 
stream. The consumption of charcoal in a sugar refinery is 
very largo, about one ton of chai'coal being required to purify 
a ton of sugar. After a time the charcoal loses its power of 
decolorizing, but by washing and reheating in closed vessels 
it may he remvifiedi 

Bone-black absorbs Various substances when agitated with 
their solutions. Thus, it abstracts lime from lime water, and 
lead acetate from its solutions; it even separates iodine from 
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potassium iodide. Its power of abstracting lime is fonnd to 1 
stand in some relation to its decolorizing property: a, method 
of dotermining the value of animal charcoal for the purposes 
of the sugar refiner is hased on the estimation of the amount 
of lime which the sample can absorb. The charcoal obtained 
by the carbonization of sea weeds also possesses a mai-ked 
decolorizing action. 

£oue-black is used to some extent as a pigment. Large 
quantities of carbon, under the form of lamp-black, formed 
by the imperfect combustion of tallow, oil, or pitch, are 
also used for the same purpose. These Eubstancea, partica- 
larly pitch or resin, are heated, and the ignited vapours, 
mixed with an amount of air insufficient for complete com- 
bustion, are led into a chamber, in which the soot is de- 
posited. Lamp-black so prepared always contains oily matter, 
from, much of which it may be purified by ignition in covered 
erucibles; but even after prolonged heating it retains a con- 
siderable amount of hydrogen. 

107, Coal is essentially carbon combined with hydrogen, 
oxygen, and nitrogen, and more or less mineral substanca It 
has been produced from vegetable matter by a complicated 
series of chemical changes, attended with the elimination of 
water, carburetted hydrogen, and carbon dioxide. Its vege- 
table origin is established by its ligneous structure, and by its 
association with the fossil remains of the flora from which it 
has been derived. The gmdual transition of woody fibre to 
anthracite or stone coal is well seen in the following 
table :— 

Carbnn. Hydmpjn. KilroEen. 

(1.) Oak-wood, 50-17 608 4375 

(2,) Decayed oak, 53-47 5-lfl 41-34 

(3.) Peat {Irish), 6005 5-88 34'10 

(4.) lignite (Bovay), 6954 589 24-56 

(5.) Cannel (Wigan), 83-59 5-77 10-&* 

(6.) Caking coal (NewoaaUe), 87-98 5-31 611 

(7.) Anthracite (South Wales), ... 9273 3-36 3-91 

All coals contain inorganic matter or ash, varying in quantity 
fi-om 1 to 30 per cent. In good bituminous coal the amount 
should not exceed 10 per cent The ash usually consists of 
silicates of alumina and iron. The composition of the 
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aah of Scotcli coal may be thua stated (average 
Bamples)— 

Alumina, and Suli^burlc Phoopliirrla 

BUIcl*. FoiTlcOxiilc. Lime. Ua^iesia. Auid. Ai^lil. 

U'OS. 39 21. 318. in. i'Se. 1'03. 

A portion of the Bulphuric acid is probably derived from 
the oxidation of iron pyrites, which is generally present in 
coal to the amount of three per cent., although some coala 
contain much larger qnsntitiea of this substance. The 
amount of sulphur which it contains has an important bearing 
on the value of the fuel in nearly all its applications. When 
the coal ja burnt the sulphur escapes as sulphur dioxide. 
This gaa exei-ta a veiy detrimental action on vegetation, and 
by ita proaenesa to pass into the state of sulphuric acid in the 
atmosphere it brings about the rapid deterioration of the 
Btone-work on which it may be precipitated. It haa been 
calculated that as much as 20 tons of oil of vitrei, produced 
by the combustion of coal, are annually brought down by the 
rain in a large city like Glasgow or Manchester. The 
sulphur in coal also exerts a prejudicial effect in iron smelting 
and in the manufactui'e of coal gas; and it rapidly acts on 
boiler plates, locomotive tubes, ic. 



1 



108. Compoimda of Carbon and Hydrogen. ~The hydro- 
carbons constitute the most extensive class of compounds 
known to the chemist. Although it is almost impossible even 
now to enumerate those wliich have already been described, we 
are certain that by far the larger number of the possible com- 
binations of carbon and hydrogen have still to be discovered. 
Some of tho hydrocarbons are gaseous, like those wo are about 
to describe; some, as benzine, the petroleum oils, &c., are 
liquid at ordinary temperatures, whilst othera, like paraffin 
and anthracene, ai-e solid. For our present purpose it is ■ 
necessary to direct particular attention to three only of thes* ^ 



Methane or Marsh Gaa, - - CH. - moL wi. 1( 

Ethene or Ethjlene, - - CnHj - „ 21 

Ethine or Acetylene, - - CjH^ ■ „ 21 

Hach of these bodies con.stitutes the stalling point c 
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term in three distinct series of hydrocarbons, the members of 
which possess an exceedingly simple relation one to the othra*. 
Each successive member differs in, composition from Us pre- 
decessor by am. increment of CB^. Thus, in the series of which 
Methane is the first term, we Imve— 



Methtmo, or Marsh Gm, or Methyl Hydride, CH. 

Ethane or Ethyl Hydride CjH, 

Propane or Propyl Hydride, CjHj 

Quartane or Butyl Hydride, ^<5il 

Quiiitaine or Amyi Hydride, C^hJj 

Seitane or Horyl Hydride, CjHj^ 



« 



A series of substances, the members of which differ from 
one another in composition by CHj or by any multiple of 
CHg, is termed an hoinoloe:oaa series. The methane series 
of hydrocarbons may he represented by the generic formnla 
O^Hgn + J. It is sometimes designated by the name of the 
Piw^n Series, on account of the chemical stability of its 
members. 

In like manner ethene or ethylene forms the first term of 
an homologous series of hydrocarbons, which may be termed 
the ethene series from its initial membor. This series may 
be represented by the formula CnHj^. Its members are, 
therefore, polymeric, and possess the per centage composition 
— carbon, 85-8ij hydrogen, 14*19. 

Ethene or Ethylens C5H, 

Propene or Propylene CI,Hj 

Quartene or Eutylene, C,Hg 

Quintena or Am ylene, "iSi* 

Seitene or Hexylene C,^ 

Ac. Ac. &c. 

The lowest term of the series, CH^, has not been eliminated: 
it is doubtful if it can exist in the free state. 

Ethino is also the initial term of a series of hydi'ocai-boiis 
possessing the generic formula C„Hj„— ^. The names and 
composition of the members of this series already known are — 

EtMne or Acetylene CH, 

Propina or Allylene, CjHi 

Qnartino or Crotonylene, C,H, 

Quintine or Valerylene CjHg 

Sflxtine or Diallyl, CbH„ 

A series of hydrocarbons, the members of which differ only 
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m ihe proportion of pail's of hydrogen atoms, is termed an 
isologons series. Thus, the compouuds ethane, ethene, and 
ethine constitute such a scries — 

C,Hs, CH., C^,. 

All the coiapoimds of carbon and hydrogen at present 

Inown to ns are included in the following twelve homoIc^ouB 



O.H-U 
C,H2„_ 



O.Ha_ 

C„H-„_ 
C.Ha,_ 

C.H&- 



109. Kethane (Methyl Hydride, Marsh Gas, Light Car- 
hureUed ffi/droge7iJ.~~BYmbol CH^; molecular weight 16; 
density 8. 

Of all the compounds of hydrogen, methane contnine tha 
lai^est amount of that gas. It containB as much as 25 per 
cent, of hydrogen, to which gas it bears considerable resem- 
blance. It is eight times heavier than hydrogen, and it 
"Uierefore the next lightest body known. It is colourless, 
tasteless, and inodorous, and has not jet been condensed to 
iho liquid state. It bums with a feebly illuminating flame, 
and, when mixed with air or oxygen, explodes violently on 
(he approach of a light, It is very slighUy soluble in water 
Bud alcohol; 100 vols, of water at 0° dissolving 5'i vols, of 
the gas. 

Methane is veiy abundant in nature. It has already been 
mentioned, that it is one of the gaseous products foiined in 
tile conversion of wood into coal. It is tbei-efore very fre- 
quently met with in the coal measures. Fire-damp, as the 
gas is called by the miners, is the source of the exploaiona 
which too often occur in coal pits. Wlicn i-ccently raised, 
coal always contains occluded gas; 100 graiaa of coal will 
^ve off 200 c.c. of gas, principally consisting of methane. 
The following analysis shows tha composition of the gaa 
enclosed by Durham coal taken 148 fathoms below tho 
Burface; — 



CO, 



O 



OCl 



10000. 
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Methane is abunilantly disengaged in maraliy districts 
(whence its name of marah gas) ; it is produced by the decay 
of submerged vegetable matter, and may be frequently ob- 
aerved rising to the surface of stognaut water covering 
oi^nic matter. 

The readiest method of obtaining the gas artificially con- 
sists in heating an nlkaline acetate with potassium or sodium 
hydroxide. The reaction in the case of sodium acotate is as 

In practice the materials are mixed with quicklime, which 
facilitates the operation. The mass requires to be strongly 
heated before the gas is disengaged. 

Methane may also be obtained synthetically by passing 
the vapour of carbon bisulphide mixed with hydrogen sulphide 
over ted hot copper— 

CSa + 2H58 + Cu, = 4Cu3 + CHj, 

Other methods of protlucing tliia gas are mentioned in the 
volume on Organic Chetniatry. 

Methane is an exceedingly inert substance ; it resists the 
action of the most potent reagents. This stable character it 
shares in common with the other members of the CuHjn + j 
series, whence the generic name of paraffins (from paT^m 
qfftnaialia), which is sometimes given to the group. By the 
action of chlorine in bright daylight, a series of substitution 
products are obtained from methane, the chlorine taking the 
place of tliB hydrogen by successive replacement of its 



CF, 


+ 


CI= 


-- 


cn,ci 


+ 


ncL 


CH,a 




Vi 




CH.fb 


+ 


HC. 


CH,C1= 


+ 


G, 




CHCI5 


+ 


HCL 


CHCI3 


+ 


Cj 


= 


CCl. 


+ 


HCL 



110. Ethene {Ethylene, Olejiant Gas, Ethyl, Etherin, Heavy 
Ca.rburetted Hydrogen). — Symbol C^H^; molecular weight 28; 
density 14. 

This compound may be obtained by tbe diy distillation of 



I 
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many organic sabstaiicea ; vood ami coal, when heated in 
closed vessels, produce it in considevahle quantitieB. It is a 
constituent of coal gas, the illuminating power of which ia 
mainly due to the ethcae whiiJi it contains. It may be ob- 
tained by a variety of chemical reactions, but the sirapleKt 
method of preparing it consists in abstracting the elementa of 
water from ordinary alcohol — 

C,H,0 - H,0 = C,T[,. 
A mixture of 1 volume of strong alcohol and 4 volumes of 
■nlphuric acid readily yields ethene whan gently heated. 
Great care is necessary to prevent the liquid frothing; if too 
strongly heated the mixture is apt to blacken considei'ably, 
when Bulphur dioxide is liberated. A far better method 
of conducting the process is to mix alcohol vapour with 
moderately concentrated sulphuric acid heatcil to 160"; the 
sulphuric acid docs not blacken, and no evolution of sulphur 
dioxide occui-s. The apparatus represented in fig. 73 may be 




conveniently employed to prepare the gas. The flask A eon- 
tains ordinary spirits of wine; B contains 10 parts of oil of 
vitriol, diluted with 3 parts of water. The acid ia maintained 
at ICO" — 165°, the temperature being ascertained by the 
thermometer (. Although the action ultimately consists in 
the dehydration of the alcohol, it is probable that the firet 
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effect of the sulphuric acid is to convert tlie alcohol into 
ethyl-aulphuiio acid, whicli is subsequently split up into 
ethene and sulpliuric iw;id — 

(1.) C,H,0 + HjSOi = CiHjHSOj + E,0. 

(2.) CjHjHSOi = CjH, + HjSOi- 

Ethyl Sulpliurio Acid. 

Other dehydrating agents may be used instead of sulpliuric 
acid. Thus, boric anhydride heated with absolute alcohol 
produces very pure ethene. 

Ethene is a colourless gas. As ordinarily prepared it con- 
tains more or less ether vapour, which communicates an odonr 
to it. It cannot be respired. It is very sparingly soluble in 
water. Under strong pressure, and at a temperature of 
— 110°, it condenses to a thin mobile liquid. When heated 
strongly it is decomposed, yielding ethane and ethine — 
2CjH4 = CgHs + C,H,. 

a and 



2C,Hj = 2CH, + C,. 
When inflamed, ethene bums with a bright whito flame, 
possessed of considerable illuminating power. In the com- 
bnstion the gas is probably first decomposed in the manner 
above represented, the ethane, ethine, and methane being 
further decomposed, the carbon and hydi'ogen eventually 
burning to cai'bon dioxide and water. When only moderately 
heated it yields among other products polymers of ethine — 
■viz., benzene, oinnamene, iSic. (vide ii^fra). Ethene i-apidly 
oomhines with chlorine and bromine, forming addition pro- 
duels; one molecide of the hydrocarbon uniting directly with 
two atoms of the halogen — 

Ethene ChloridB, C,H,Clj. 

Ethene Bromide, C.HjBrj. 

These compounds are heary, oily, aromatic liquids; whence 
the name olejiant gas, by which ethene is sometimes desig- 
nated. Ethene is quickly absorbed by fuming sulphwrio 
acid and sulphur tiioxide. The former subsfeuice is some- 
timcB employed to detemiine the proportion of ethene and its 
congeners ia coal gas. The homologues of ethene a 
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absorbed by this reagent; the contraction experienced by a 

known volume of coal gaa in contact with fuming sulphuric 

acid affords a measure of its illuminating power. Ethene, 

wben continuously agitated with sulphuric acid, yields etbyl- 

Batpburic acid; if the acid solution be then diluted with 

■water and distilled, ordinary (ethyl) alcohol ia obtained. An 

alkaline and well cooled solution of potossinm permanganate, 

when agitated with ethene, yields carbonic, formic, and oxalic 

Hciils. When heated with hydriodic acid ethene yields ethyl 

iodide, from which ethyl alcohol may also be prepared — 

C,H» + HI = CjHjI. 

111. Ethine (Acetylene, Elvmene). — This hydrocarbon 

may bo synthetically formed by intensely heating carbon in 

an atmosphere of hydrogen. A Toltaic discharge is passed 

I between carbon poles connected with a powerful battery ; when 

st^e carbon is heated to whiteness it is Gurroimded with 

liydi-ogen, whereby combination of the elements is effected. 

B^thine ia one of the most stable of carbon corapoundB ; it is 

formed under circumstances in which no other combination 

f the element can eidat. The incomplete combustion of 

^nost organic compounds gives rise to ethine; ether, for 

P example, passed through a red hot tube produces large 

Iquantities of the gas. Ethene and marsh gas, when strongly 

I fieated, are also decomposed into ethine and hydrogen. This 

kdecomposition of these gases constitutes one of the most con- 

LTenient sources of this compound. K the £ame of the 

I Bnnsen lamp be caused to bum in the interior of the tube, a 

I' disagreeably smelling gas is produced, consisting in great [lart 

I' (tf ethine. Its presence among the products of the imperfect 

\ Qombastioa of the hydrocarbons of coal gas may be demoa- 

\ Btrated hy inverting a flask over the tube for a few minutes, 

, and quickly pouring into it an ammoniacal solution of 

cuprous chloride, when the sides of the flask will become 

.covered with a red film of cuprosovinyl oxkle (C,HCu,)'0 — 

2C,H, + 2Ca,Cl, + H,0 + 4NH, = 4NH^a + (C,HCn,),0. 

Considerable quantities of this compound may be easily 

' prepared by moans of the apparatus represented in flg. 7i, 

I A lamp cylinder or adapter m fitted at its narrow end with 

r» cork and bent-tube, c, which is connected with a auj^ly 
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of coftl gafl. The lower opening is also fitted with a coii, 
carrying two tubes, a and b; a is of brass, and is about 15 
m.nt. wide, and 12 cm. long; 6 is of glass, and is connected 
with a gfparatinff funnel in the manner represented in the 
figui-e. The lower opening of the tube ia closed by a cork, 
through which passes a tube, c, connected with a gaa holder 
containing atmospheric air. Coal gas ia allowed to flow 
thi-ough the tube e, and wiiea all the air is expelled froi 




the apparatus, the cork at the bottom of the tube i 
withdrawn, and a light is applied to tho end. The c 
of gas is so regulated that it biirns with a small flame a' 
opening. A gentle stream of air is then caused to pass £ 
the gasometer, and the tube is pushed «p through the i* 
into the cylinder. The air now hums in the coal gas; 
flame may be rendered moi-o visible by attaching a piece c 
platinum wire to the tuhe, which becomes heated to redness. 
The products of combustion pass thi-ough the tube b, and 
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4 iato the sepamting funce], wlucli is partially filled with 
an ammoniacal solution of cuprous chloride; cuproso vinyl 
oxide is abundantly formed: when the copper solution is 
exhausted the liquid is allowed to flow on to a tilt«r by 
opening the stop cock. A fresh quantity is poured into the 
fiinnel, and the process of abaoi'ptiou is recommenced.* 

The formatios of ethine by the action of heat on ethene 
may be readily ehown by means of the simple arrangemtint 
, Been in fig. 75. Tiie tube a is connected with a gasometer 




I 



Fig. 73. 
i with ethene; the gas is allowed to flo- 
necked globe A; by means of the wires, a 

* The BolutioQ of cnprons chloride may be readily obtained by 
disBolvin^ 10 grami of cupric oxide in 200 c.c. of liydrocliloria scidi 
and boiling tbo solation for about 16 minuteg with 2S grams of 
metallic copper in filings. The eotnlion of tbe capreua chloride is 
poured into about a litre of water, the precipitated chloride is 
allowed to aubaide, and tbe liquid ia drawn off. The precipitate is 
rinaed into a bottle of 150 c.c. capacity, which is filled up with water, 
and tbe precipitate is again allowed to Bubtido. The Bupematant 
liqnid ia removed by a ayphoii, and about 40 grama of powdered 
ammoDinm oblorida ia added to tlia bottle, which ia again iuled with 
water, and briskly agitated. When required for nee the liquid ia 
mixed with one-tenth of ita volume of atrotig ammonia solution. The 
solation should be free from cupric aalta. since tbcse bring about 
the oxidation of the ethine, and prevent the fotmation of the red 
precipitate. 
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electric sparkB can be passed througli the gag. Tlie tube fi 
dips beneath an ammoniacal solution of cuprous chloridej Ott 
passing the gas between the apaj-k stream, an immediate pro- 
duction of the red ouprosovinjl oxide ia observed. 

The red compound, treated with strong hydrochlorio 
acid, is immediately decomposed, and ethiue is disengaged. 
(C^H Cu^jO + 4HC1 = 2 Cu^Cl, + H^O + 2 C^Hj. Aa 
the gas is somewhat soluble in water, it is best collected in 
a small gas-bag. Cuprosovinyl oxide, when dry, is an ex- 
ceedingly unstable substance; very alight causes, gentle 
heating or even friction, being sufBcient to decompose it with 
explosion, Ethine is an invariable constituent of coal gaa. 
Its ppeaence therein may be readily demonstrated by the 
formation of the red precipitate when a stream of the gaa ia 
allowed to pass thi-ough a U tube containing a small quan- 
tity of ammoniacal solution of cuprous chloride. It has been 
supposed that the dangerous explosions which occaaionally 
occur when a copper gas-main is cleaned out after long use, 
may be due to the decomposition of cuprosovinyl oxide. 
Ethine mixed with air, especially in presence of aqueous 
vapour, rapidly attacks copper wifji the formation of cupro- 
Boviayl oxide and copper oxide; at a gentle heat, or by 
fiiotion, the combination is decomposed with explosion. 
Similar compounds with silver, gold, and mercury have 
been obtained, "Wien gently heated with sodium, i>art of 
the hydrogen ia eliminated, the alkaline metal taking its 
plaJie, forming monosodium-ethine, CjHNa. If more strongly 
heated, both the atoms of hydrogen are displaced with the 
formation of disodium-ethine, C^Na,. The con«sponding 
potassium compound is sometimes found in the commercial 

Ethine is a colourless gas, possessing a peculiar and dis- 
agi'eeable oJonr. It is irrespirabJo and poisonous, combining 
with the h«moglobin ia the blood. It is somewhat lighter 
than air, being thirteen times heavier than hydrogen. It 
has not yet been eondensed to the liquid state. "When in- 
flamed, it bums with a bright smoky flame. If sti'ongly 
beafed, or if a aeries of induction sparks are passed into the 
gas, it is decomposed with separation of carbon. The decom- 
position 18 retarded by mixing it with other gases, particn- 
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larly -with hydrogen. This explains why ethine is formed at 
tlie high temperature of the electric arc in spite of its ten- 
dency to [■esolvo itself into carbon and hydrogen. 

The action of heat on ethine b remai-kablo from the ease 
■with which the gas is converted into its polymerides. If 
heated to dull redness in a tube standing over mercury, it is 
almost entirely resolved into mixtures of hydrocarbons, 
having the same jter centage composition, but possessing dif- 
ferent molecular weights. The following substances have 
thus been actually obtained ; — 

Di-Bthiae, C.H^ 

Tri-atliino (benieae) C,H, 

Tetra-ethinB (atyrol), C,Ha 

Peata-ethiae, CigHj, 

Bmie-eblims, CjsHjg. 

This reaction is interesting, as constituting a means of 
Bynthetieally forming a number of organic comjwunds in tha 
Bimplest manner possible, and aflbrds additional evidence to 
OS of the irrational character of the division of the science 
into organic and inorganic chemistry. Nascent hydrogen 
converts ethine into ethene. If cuprosovinyl oxida be 
treated with zinc and aqueous ammonia {wliich evolves 
hydrogen), ethene is disengaged. By the action of finely 
divided platinum a still larger quantity of hydrogen may bo 
made to unite with the gas. If a smaU quantity of platinum 
black be introduced into a mixture of etheno and hydrogen, 
standing over merouiy, the gases combine in the proportion 
of 1 voL of ethine to 2 vols, of hydrogen, forming ethane 
(ethyl hydride), C^H^ + 2H, = C^Hg. 

t Heated with an equal volume of etiene, it vields qnartine, 
OjHj + C,H^ = C^Hg. 
Oxidizing agents, such an potassium permanganate, con- 
vert ethine into oxalic add-, C„H„Oj, an acid formerly ob- 
tained only from plants, or by the decomposition of vegetable 
products. 
Nitrogen, in like manner, unites directly with ethine, to 
form hydrocyanic acid. Tlio combination is efl'ected by pass- 
. ing a series of induction sparks throiigii a mixture of equal 

volumes of the gases; CjHj + Kj = 2 CHN. Bybiioginga 
email quantity of [lota^h solution into tho tube, so as to 

^^ 10.— VOL. I. 
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■withdraw the hydrocyanic acid aa fast as it is generated, the 
■whole of the ethine and nitrogen may he made to comhine. 

Ethine spontaneously inflames in contact with chlorine. 
If a few bubbles of chlorine are brought into a jar of the 
gas standing over water, a violent explosion occurs, ■which ia 
attended with a bright red flash, and the separation of a 
large quantity of carbon. A stream of ethine, passed into 
chloriiLe, takes fire and bums with a lurid, smoky flame. 



US. Goal Qas. — The gas usually employed to give light in 
our houses is produced by the destructive distillation of coal. 
Its illuminating efiect is due to the hydrocarbons it contains. 
"When coal is heated in closed vessels it is resolved into a 
variety of gaseous, liquid, and solid products, the relative 
proportion of which depends upon the temperature to which 
it is subjected. At a high temperature gasea are mainly 
obtained; at a low temperature heavy tarry liquids are 
formed, which hold the various solid substauccs either in 
solution or in suspension. The following bodies are produced 
by the dry distillation of coal; — 

GASEona. 

Qaartene, C^Hg 

...CH, Ethine, CH, 

Carbon Dioxide, CO, 

Hydrogen Sulphido, H,.S 

Nitrogen, N 

" Cymeae, CitH.. 

Aniline, C,HjN 

Pioolina, CeH,N 

Loucolinc, C-HaN 

Phonol, Cyi,0 



...C8, 



ToJaena, , 
Xylene, ,. 
Cumene,.. 



'.'.'.'cMi 

...C,Hi 



fto. 






JUnmonintn Carbonate, NH.HCO, 

AimnoQiom Snlphido NH,HS 

Ammonium Sulphite,.. NH,HSO, 

Ammonium Chloride, KHjCl 

Ammonium Cyoalde, NH,CN 

Paraffin, n (C.Ha+i) 



Napthaleno. C,„Hb 

Paranapthalcne, C,iE,, 

Chryaene C,gHi, 

Anthracene ('uHiD 

Retene, Ci^Hh 
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Oomparatirely few of tliese substances are found in coal 
gas as actually used for illmninating purposes, tho greater 
number being removed by tte process of purification whicli 
the volatile product experiences before it is distributed. The 
majority of tbe liquid and eoJid BubstanceB are removed by 
simply cooling the volatilised matters immediately on leaving 
the retorts. The still gaaeoua portions may be Buhdivided 
iinder the three heads of llluvimathig Conetitusnts, DUu^ils, 
and ImpurUieg. 
iLLvmsitaia JsaaxriisxTB, Dicuuna. 



Propene. 

Qnnrtene. 

Ethine. 

Vapours of tho hydro- 
Oftrbon aeriea, C.Hid, 
CBH3K-,aadC„Ha>-s-| 



Hydrogen. Hydrogen Sulphide. 

Methane. Ammoiuum Sulphide. 

Carbon Monoxide. AmmooiumCarbonaite. 
Corhon Dioiide. 
Carbon Dlanlpldde. 
Nitrogen, 
Oiygea 

Aqueona Vapour. 

K !l!lie impurities reqnii-e to be carefully removed, since they 
t only diminish the illuminating povrer of the gas, but 
) produce noxious compounds on burning. It is found 
lat 1 per cent, of admixed carbon dioxide diminishes the 
Klluminating intensity of tho gas about 6 per cent. The 
WVulphnr and nitrogen compounds in coal gas are a source of 
tnnch annoyance. When burnt they give rise to acid 
jductH, which rapidly corrode metal fittings, decorations, 
I gilding of books, &a. 

Fig. T6 represents the main features of tte appaiutus 
employed in the manufacture and purification of coal gas. 
Bituminous coal or cannel is introduced into the cylin- 
drical or elliptical retorts a a, which are raised to a bright 
red heat. Each of the retorts is connected with an arched 
tube b, which enters midway into tho long torizontal cylin- 
der B; from this descends the tube d, leading to the tar 
pic e. The gas now traverses the aeries of bent iron pipes 
AAA, termed the r^rigeraCors; thence it pusses into the 
purifier E, and eventually finds its way into the gasometer 
G, when it is ready for distribution. The arched tubes b 
leading from tho retorts are so arranged that they dip beneath 
the surface of the tar and water which condense in the hoii- 
EOntal pipe B, By tliis simple arrangement any one of the 
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retorts can be opened without interfeiing with the action of 
the rest. The liquid iu B is mointained at a constant level; 
as the condensed matter accumulates, it flows over through 
the tube d into the tar cistern. The greater portion of the 
nitrogen contained in coal is evolved as ammonia, which 
condenses in the aqueous vapour simultaneously formed ; the 
ammoniacal liquor mainly collects in c. It is drawn off from 
time to time and used as a. source of ammonium compounds 
(see p. 18G). By cooKng the vapours a further quantity of 
tar and ammoniacal liquor is ohtained. The refrigeratoi-B 
A A A, in whieh this condensation is effected, are occasionally 
surrounded with cold water, which flows from the cistern W. 
The condensed liquor runs into the cistern y, and is drawn 
off as it accumulates. The main portion of the tar, ammonia- 
cal compounds, and aqueous vapour is now deposited. The 
_^as has still to be freed from sulphuretted hydrogen and 
■ caibon dioxide. It is accordingly conducted into the purifiers 
I J^ contaioing slaked lime or a mixture of iron oxide and 
Ksavdust, which I'apidly absorb these compounds. A certain 
roportion of the sulphur is evolved from the retorts in the 
mn of the highly volatile carbon bisulphidej this escapes 
r etmdenaation in the refrigerators, and is not absorhed in the 
purifiers. By properly regulating the temperature during 
the distillation, the amount of the carbon bisulphide may be 
reduced to a minimum. It is said that gas already containijig 
the bisulphide may be purified by simply reheating it when 
hydrogen sulphide ia formed, which may be readily absorbed 
by iron oxide and sawdust in the usual manner. After 
leaving the gasometer, the gaa passes through a gowmcyr, 
by whicli its pressure ia the mains is regulated. 

The following table gives the composition of coal gas of 
average quality ; — 

Hydrogen, 45'58 

Mathaae, 34-90 

Carbon Monoxide, 6 '64 

Ethene, 4-OS 

Qnartena, 2-38 

Snlphnratted Hydrogen, 0'29 

Nitrogen, 2-46 

Carbon ^oxide, 3*67 

lOO-OO 
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The value of illiuninating goa is uauallf expressed in terms 
of eome standard source of light. The distances at which the 
ehadowa thrown by a spenn candle burning at the rate of 7-S 
gnuns per hour, and by the gas flame burning at the rate of 
5 cubic feet per horn-, are equaUy intense are compared. 
I'rom the knowledge that the Uluminating intensities vary 
as the squares of the distances, the value of the gas as com- 
pared with the candle is readily caicidated. Thus, supposing 
that equally intense shadows were cast by a caudle flame 4 
feet distant and by a gas flame at a distance of 15 feet, the 
illuminating power of the gas flame would be fourteen times 
that of the candle, since — 



16 



= 14. 



Accordingly the gas would bo etyled, fourteen caniUe 
gaa* 

113. Nature and CompoBition of Flame. — Flame !s 
Bimply gas in a state of incandescence. "When a light is 
brought to a jet of hydrogen issuing into the air, the hydro- 
gen combines with the oxygen with the production of gi'eat 
heat; the flame is the result of the heat evolved in the act of 
combination. We can praduce this flame either by burning 
the hydrogen in oxygen, or the oxygen in hydrogen. This 
fact proves to ns that the flame is merely the result of 
the combination of the gases. Altliough the oxyhydrogen 
flame is one of the hottest flames we can obtain, under 
ordinary circumstances it has a very feeble illuminating 

The hrightnesa or illuminating power of a flame depends 
(1.) on the temperatm-e of the incandescent gases; (2.) upon 
their density; and (3.) on the presence of solid particles within 
the area of combustion. These become heated to incan- 
descence, and act as radiant points. The illuminating eflcct 
of a flame containing solid paa-ticlea is augmented by increas- 
ing the temperature. 

1. The effect of temperature in increasing the luminosity 

• For futthar information on this subject the student may consult 
thQarticle, "OoalGaa," by Professor Frankland, in Urt's Dktitmary 
tjf Arit and Mani^advra. 
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of a Borne not containing solid jiarticlc^s is 'well seen in tho 
different appearance of the flames of aulphur and phosplioma 
biiming ia tlie air and in osygen. The oxide of sulphur re- 
mains pennniiently gaseous; the oxide of phosphorus is only 
gaseous for a very short time after its produotiou. When 
sulphur DJid phosphorus bum in the air the illumioating effect 
is far less than when tni ming in oxygen, since in the former 
lOaae the temperature is lowered by the pi-esence of nitrogen, 
'Vhioh contributes nothing to the heat of combination, but 
abstracts a considerable amount of that formed by the union 
of the osygen with the combustible. Under ordinary condi- 
tions phosphorus bums in chlorine with a very feeble light, 
but steongly heated chlorine and phosphorus vapour combine 
■with a dazzling white flame. 

2. Observation has shown that a certain relation exists 
between the luminosity of a flame ireo from solid particles and 
the density of its constituents; the brightest Bames contain 
the densest vapours. Hydrogen hums in oxygen with but a 
feeble flame to form water; it bums in chlorine with a, far 
brighter light, aad produces hydrochloric acid, tlie density of 
whichis more than twice that of water vapour. The luminosity 
«f a flame is augmented by condenaing the gaseous atmos- 
jdiere which suiTounds it. The combination of oxygen and 
Dydrogen is attended with a brighi light when the gases unite 
Bnder great pressure. Alcohol burns with a feebly illuminat- 
ing flame under ordinary conditions, but its flame becomes 
very bright when it is burnt under the receiver of a c6ndena- 
i ng pump. The light emitted by a burning candle at the top 
l^a mountain ia much less than that given at the bottom, 
^although the amount of fatty matter consumed in a given time 

ly not vary at the two spots, 

3. A leebly illuminating flame increases in luminosity by 
jjecting solid matter into it. A small quantity of finely 

ivided charcoal blown into a hydrogen flame gives it a 
luminous appearance. Oxide of zinc projected into the same 
flame confers illuminating power upon it. On the authority 
of Davy it was long considered that the luminosity of a flame 
depended entirely on the presence within it of solid in- 
■sandescent pai'ticlea. The recent expenmente of Fiankland 
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have aLown that this view must be modified. Araenio bums 
in oxygen with a bright light, and ■without the immediate 
formation of a solid substance. A mixtui* of nitrogen 
dioxide and carbon bisulphide burns with a bright flame 
without the separation of aohd matter. The illuminating 
effect of aa ordinary candle or coal gaB flame is, according to 
Fronkland, due, not to the separation of solid particles of 
carbon, but to the formation of dense hydrocarbons, which 
bring about similar efiects to the vapours of phosphorus and 
tLrseuic in their respective flames. 

If the flame of a candle, or indeed that of ojiy highly 
carbonized substance, be minutely examined, it is seen to con- 
sist of four distinct parts, as in fig. 77, which represents a 
candle flame. We have first a dark inner cone {a) imme- 
diately surrounding the wick. Tliis is made 
up of the gases or vapours distilled from the 
wick, together with the products of their par- 
tial combustion, namely, water and the oxides 
of carbon : in addition, we have a considerable 
volume of atmospheric nitrogen. Below this 
I, is a light blue cone b, of comparatively small 
area, consisting of the combustible matter of 
the wick, which becomes mixed with a suffi- 
cient amount of oxygen to bum it completely. 
Above this is a bright, luminous cone c, in 
which tho products of the distillation from 
e still further broken up with tho production 
f dense hydrocarbons, and possibly also with the separa- 
tion of carbon. The presence of carbon in this portion of 
the flame is supposed to bo demonstrated by the fact that a 
cold solid body introduced therein is immediately covered 
with soot. Soot, however, is not pure carbon; it contains 
a considerable amount of hydrogen. Moreover, the perfect 
transparency of this zone seems inconsistent with the pre- 
sence of solid particles. SuiTounding the entire flame (ex- 
cept at b) is the mantle d, which is feebly luminous, and of a 
yellowish colour; this consists of the final products of com- 
bustion of the constituents of the luminous zone mixed with 
atmospheric air heated to IncnndeEcenoe. Owing to tlie 
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InminOBitj, this port of the flame is not very easily seen; the 
readiest manner of recognizing it is to cut out a. card of the 
shape of the flame, and hold it at such a distaace fram thn 
eye as to hide the Itimiuoiis zone. It may alao be detected 
by burning a little eodium in its vicinity, when it wiU bo 
coloured strongly yellow. 

The following tahle shows the composition of a tallow 
caniile flame at varioua heights above the wick (Hil- 



Dlatanre from 


LkiHlrts Iroml 


K. 


CO,, 


00. 


C.U,.. 


c. 


- 


9 m.m. above 


0*12 KTiimB 


73-92 


U-46 


fi-fi.-; 


T-fi2 


1-15 


1-ao 


6 ., 




72-28 


10-90 










* .. 


013 „ 


6'1--H» 


10-24 


B-(W 


1.V10 


2-70 




2 „ 


0'38 „ 


.ifi-ni 


1014 


7 '22 


17'12 


.178 




„ „ 


070 „ 


f.;vfl7 


713 


4-I10 


1877 


ii-^0 


073 


3 m.m. below 


149 „ 


61-72 


1173 


ti-'Il 


15'13 


4W 


0-15 



At first sight the flame of alcohol appears to be differently 
constituted from that of a ctntjle; in reality, however, it has 
the same number of zones, although their relative areas arc 
-very diflerent. The intemitl cone is very large, in conso- 
qnence of tlie great volatility of the alcohol; the luini- 
noua portion is very small, owing, probably, to the simple 
manner in which the alcohol is bi-oken up and consumetL 
From the feeble illuminating power of this cone the maiitle 
appears lai'gely developed. 

The composition of the various portiona of a coal gas flame 
faaa been studied by Landolt. In the following table A. 
denotes the volume of air which has mixed with 100 vols. 
of coal gas to produce the flame gas at the vaiious heights, 
D. 100 + A = M vols, of this unburnt gaseous mixtui-e 
yield V vols, of flame gas. The flame employed was about 
90 m.m. high. The combustion of the mixture before and 
after burning ia aa follows;— 
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D 

A 
U 

V 


0=.,=. 


ZOm.ni. 


«,».„. 


27-08 
27-08 
111-41 


172-70 
272-7G 
246-96 


381 -CO 
481 'G6 
461-23 




M. 


V- 


&L 


V- 


jr. 


y. 


_ . 


39-30 
40-56 
4-95 
4'W 
3'15 
6 '07 
29 '41 


22-66 
3377 
7-U 
4-23 
3-06 
0-G6 
29-41 
1-96 
8-34 


44-00 
3S-40 
573 
4-13 
3-14 
36-21 
14078 
0-37 


5-49 
28-34 
14-05 

4-58 

0-47 
140-78 
10-11 
38-85 


41-37 
3S-30 
6 66 
5-00 
4-34 
79-99 
307-10 


11-95 
3-64 

25-t4 
3-77 
2-68 

307 10 
32-34 

75-61 


MeS°.'.:::::'::" 


Carbon Monoxide, 






Nitrog™ 

Carboa Dioxide,,.. 
Water, 


127-03 


11141 


272-76 


245-96 


481-60 


461-23 



The gise ofajlante from gaa iasuing at a constant pressure 
IS mainly dependent on the proportion of oxygen contained 
in the atmosphere in which it turns. The gi'eater the 
quantity of oxygen the smaller is the flame. This feet ia well 
seen by introducing a stream of oxygen into a coal gas flame 
burning in air; the flame -will thereby be reduced consider- 
ably in size. The increased size of the flame under ordinary 
conditions is duo to the circumstance that the air contains 
only one-fifth of its volume of oxygen; the combustible gas 
has therefore to seek, so to say, over a larger area for the 
oxygen required for combination. 
' The cohw of a flame is modified by its temperature, and by 
f the natui-e of the foreign substances introduced into it. Under 
ordinary conditions carbon monoxide burnRwithablueflaraej 
if heated before combustion it bums -with a yellowiah-rod 
flame. When once initiated the continuation of the combina- 
tion of unlimited amounts of oxygen and a combustible gaa 
[ depends essentially upon this condition — that l/ie combining 
I jases Tuaintain (Ae temperature necesmry to bring about their 
\ union. A coal gaa flame may be extinguished by suddenly 
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Introdiioiiig into it a cold copper globe. TLe metal ao rapidly 
abstracts the heat irom the gases that their temperature is 
I'educed below the point at which they can combine. If a 
helix of thin copper wire be brought over a burning candle, 
the flame will Iminediately be extinguished. If, however, the 
helix and the globe be previously heated to redness, the flaraea 
will not be extinguialied. This piinciple admita of many 
useful applications. Hemming's safety jet for use in the 
oxyhydrogen lamp is simply a tube packed with fine brass or 
copper wires; between the interetices of the wires tlie mixed 
gases pass, and may be inflamed at the mouth of the jet. 
If by chance the flame should traverse the pipe in the 
direction of the reservoir of mixed oxygen and hydrogen, it . 
is immediately extinguished by the cooling action exerted 
by the metal, and all risk of explosion is thereby obviated. 
A far more important application of the same piincijile is 
Been in the safety-lamp of Sir Humphrey Davy. This is 
simply an ordinaiy oil lamp surrounded by a cylinder of wii-a 
gauze. If this lamp ia introduced into an explosive atmos- 
phere of fire-damp and air, combination occurs within the 
lamp, but the blue flame produced by the union of the gases 
ia prevented from traversing the gauze, owing to the rajiidity 
with which the burning gases are cooled 
down in contact with the metal. If, how- 
ever, the gauze by accident becomes 
strongly heated, its action cedsea; it al- 
lows of the transmission of the flame, and 
ia powerless to pi-event an explosion. 

The well known Bunsen burner (fig. 78) 
partly depends for its a^!tion on this prin- 
ciple. It consista of a jet surmounted by 
a wide brass tube, at the bottom of 
which are several holes for the admission 
of air. The air and gas mix in the wide 
tube in such proportion that they bum at , 
the top with a non-luminous flame. I 

Earefaction of the gases prevents the 
continuance of combustion byretarding combination, and, ( 
seqnently, the rapid development of heat. The temperature 
of ^e gases may from this cause sink below tiiat necesaary 
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to effect union. A mixture of detonating gas (2 voliunes of 
hydrogen and 1 of oxygen) is not explosive ■when rarefied to 
•/g of ita ordinary density. A jet of hydrogen gaa will not 
bum Twhen issuing into air rarefied to J of its ordinary amount. 
By mixing oxygen with an indifferent gas like nitrogen, many 
phenomena of combustion are immediately arrested. If a 
■watch api-ing burning brilliantly in oxygen be -withdrawn into 
the air, rapid combustion at once ceases. 

114. The Blo-wpipe name.— The blowijipe (fig. 79) ia an 
instrument which soryea to direct a stream of air into a 
caudle or coal gas flame. The introduction of the air within 
the fiame at once desti'oys its luminosity by effecting a more 
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ntpid combustion of the carbonaceous matter. In its char- 
Mter the blowpipe flame is analogous to tliat of the oxyhy- 
igen flame. Its peculiar action depends upon the posses- 
a of two distinct areas of combustion, a a and b b (fig. 79). 
E A piece of lead glass introduced into the zone a is at once 
■Hackened, owing to the reduction of the lead to the metallio 
P State; by exposing the blackened glass to the extreme point 
of the flame it again becomes colourless by the reoxidation of 
the lead. The lone a n is therefore termed the reducing 
flame, and that marked h 6 the oxidizing flame. The reduc- 
ing power of the inner flame is mainly dependent on the 
carbon monoxide which it contains; at a high temperature 
this gas has great tendency to pass into the state of cai-boQ 
dioxu.le, it is able tliercfove to ab&ti'act the oxygen from many 
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allic oxides and fialts. lu the area b b the cui-lioa mon- 
3oinpletely burned, and is mixed with excess of 
idescent oxygen; an oxidizable body auch as metallic 
lead placed in this poi'tion of the fiame combines with the 
heated o^gen, and is converted into an oxide. The difforent 
behaviour of the two zones is of great service in analytical 
chemistry, 

116. BauBen Lamp H'lame.— All the ciTects of the blow- 
pipe flame may be easily brought about by the aid of the 
Same of the Bunsen lamp. The structure of the Buusen 
flame la seen in fig 80. It consists of the following 
parts : — (1.) (Ae dark ctms, «,«««, consisting of cold 
I nnbnmt gaa mixed with about 62 per cent, of air; 
I (2.) theflaine mantle, a cab, made up of the bum- 
ling coal gas mixed with air; (3.) luminous point, 
w-a b a, only seen when the air holes at the base of 
Eilie lamp are partially closed. The area of thia 
V30ne may be regulated by opening or shutting the 
T holes to a greater or less extent. The base of the i 
jBame is at a; here its temperature is very low, the 
I l)urmng gaa being cooled by the uprush of cold a' 
J.widbyita proximity to the cold metal tube. 1 
Jintrodueing a mixture of flame-colouring substances 
tto this portion of the flame, it is frequently poa- 
o obtain a succession of tints as the various 
^ bodies volatilize. Such a graduated series of colours i ' 
cannot be produced in any other jjart of the flame; 
at the high temperature the whole of the substances 
are apt to volatilize together, without the appear- 
ance of any characteristic tints. At ^ is the zone 
of Jusion. It is situated a little above the first 1 
third of the flame in height, and midway between I 
the inner and outer limits of the mantle at the \ 
broadest part of the flame. At this point the flame u, t. 
possesses the highest temperature; it is used for 
testing the volatility of substances, and for deter- 
mining their melting points; it is also employed far Fig. 80. 
fusions at a high temperature. T/ia lower oxidiziiuf JlaTne a 
situated at y, in the outer margin of the zone of fusion; in this 
portion of the fiame processes of limited oxidation are readily 
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e£FecteA The uppfff oxidizing Jlami at e is more parfciciilarly 
suited for the oxidation of comparatively large quantities of 
Bubstance, and for roasting operationa. It is moat efficacious 
when the air holes are completely open. The lower reducing 
fiama lies at /i, at the internal edge of the mantle, next to the 
dark central zone; it is especially serviceable in bringing 
about partial redactions. Oxides which, easily part with their 
oxygen are here readily reduced to the metallic state. The 
■upper reducing Jtame at ij is formed by gradually closing the 
air holes at the bottom, of the tube. The amount of car- 
bonaceous matter within it should not be so large as to 
blacken a piece of porcelain held in it. It possesses stronger 
reducing powers than the lower reducing] zone, owing to ttie 
absence of free oxygen in it, and to the presence of a largei 
quantity of unhurnt carbonaceous matter. (Eunsen, " 
J%. [4] xxxii. 81). 

COMPODSDS OF CaKDON AND OXTCEK. 

Carbon combines with oxygen in two proportions to foi 
Cabbon DiOKiDB, Syhboi. CO,; Moiu WEicitr 44; Dkn! 
22; and 
Cabeon Moboxidb, Symbol CO; Mol. Weight 23; DENsrrTlt 
116. Carbon Dioxide has been known for a very long 
time. Its main properties were described by Paracelsus and 
"Van Helmont. Its nature, however, was more accurately 
investigated by Black, Priestley, and Lavoisier. It is 
formed synthetically by burning charcoal, or any substance 
containing carbon in excess of oxygen gas. It is produced 
by the combustion of all the ordinary kinds of fuel. It is 
a product of respiration, and is largely evolved from sub- 
terranean som'ces; it is constantly present in the atmosphere 
to the extent of about i vols, in 10,000 vols, of air. 

In addition to the sources already enumerated (see p. 180), 
carbon dioxide is largely generated in the processes of decay 
and putrefaction. All ordinary fermentative changes aj-e 
accompanied by the formation of this gas. If a small 
quantity of sugar dissolved in water, and contained in a flask 
fitted with a cork and bent tube (iig. 81), be mixed with a little 
yeast, fenuentation will be set up, and carbon dioxide will be 
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If tha end of the bent tube connected with 
the flask be placed in a Hmall quantity of lime wat«r, that 
liquid will soon become turbid, 
owing to tlie precipitation of 
cftlcium carbonate. By collect- 
ing, drying, and heating tlie 
calcium carbonate, the carbon 
dioxide may be again obtained, 
the lime being left behind in the 
eaiistie state. Immense quanti- 
ties of limestone (calcium carbo- 
nate) are decomposed in thia ^ 
manner to form lime for build- | 
ing purposes. Tbe change pro- 1 
duced in the limestone by hea 
waa first explained by Black. 

117. Its Preparation and Properties.— 
may readily be obtained from calcium carbonate by tha 
action of a strong acid, such as hydrochloric acid. The 
apparatus seen ia fig. 82 may be employed for the preparation 
of the gas by this method. 
The form of calcium car- 
bonate best adapted to the 
preparation ofthegasismar- 
ble : it is broken into small 
pieces and introduced into 
the flask ; the acid is poured 
on to it through the funnel 
tube. Owing to its great den- 

.itj(tlie6mi.j|Jj,_ i.6&™j. 

times heavier than air,) ^ l . ^ l j ii hhu 

it may be collected by "-- ^ ^ . ^t^ 

downward displacement, 

represented in the figure. 

It may also bo collected Pig. 82. 

over water, but with some little loss, as it is aolubla 

in that liquid : 100 toIs, of water at 0" dissolve about 

180 vols, of gAH. By increasing the pressure under which 

the absorption is effected, the water may be made to take 
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tip a proportionately larger quantity of the gas. On re- 
lieving the pressure, the excess of the gas over and above 
that which would he taken up under the atraospherio pres- 
sure escapes with efferveaceaoe. We notice this effect in the 
effervescing mineral waters of Yiohy and Pyrmont, which 
are highly charged with gas at great depths, and, therefore, 
under great pressure. On rising to the surface the excess of 
gas is evolved, and gives to the water the appearance of 
active ebulHtion. The effervescence of champagne, of soda 
water, lemonade, &c., ia due to the same cause. The carbon 
dioxide in these liquids usually exists under an extra preasui-e 
of from 4 to 6 atmospheres; that is to say, the solution con- 
tains from 4 to 6 times as much gas as it could ordinarily 
take up. 

The following equation represents the decomposition of 
calcium carbonate by hydrochloric acid ; — 

CaCOj + 2HC1 = CaCl, + H,0 + CO,. 

Calcium carbonate, in contact with hydrochloric acid, produces 
carbon dioxide, water, and calcium chloride. Any strong 
acid which forms a soluble salt with lime, may be substi- 
tuted for hydrochloric acid ; the least advantageous, however, 
is sulphuric acid, on account of the sparing soiubility of 
calcium sulphate. This salt, as it is formed, is deposited on 
the unattached marble, and retards the further action of the 
acid; the elimination of the carbon dioxide, therefore, nearly 
ceases after a time. 

Carbon dioxide ia a colourless, invisible gaa. It is incom- 
bustible, and a non-aupportier of combustion. A taper 
plunged into it is at once extinguished. Its inabUity to 
support combustion, and its high density, may be simul- 
taneously shown by a variety of experiments. If the large 
jar (fig. 83) be filled with the ga-s, a thin collodion balloon, 
filled with air, will rebound when dropped within the jar 
OB if from the surface of a solid; if the cork at the bottom 
be removed, and the gas allowed to flow upon a lighted 
taper placed beneath, the flame will he extinguished. The 
same fact may also be shown in a striking maimer by 
allowing carbon dioxide to flow into a beaker, sus^iended 
from the ai-m of a balance. The apparently empty beaker 
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Ugun considerably in weigtt These propertiea of carbon 
dioxide have received an important application in the fire 
" extincteur." This is simply a metallic vessel, into which 




carbon dioxide \s compressed by meana of a stop cock and 
flexible tube a stream of the gas can be i rojected upon 
any burning material This contti^ani-e is particularly 
serviceable in checking small confligi ttions 

Carbon dioxide la irreapiral le, animals soon die when 
immersed in it not only from the \v ant of oxygen but also 
from the direct poisonous action of the gas E\en in small 
quantity it produces great langour and depression; in krger 
quantities it occasions complete atony of the brain functions. 
By reason of their high density, the carbon dioxide molecules 
move with comparative slowness; the gas is therefore apt to 
accumukte at the bottom of oavems, weUs, and mines. It is 
a common practice among well-sinkers, brewers, and others 
to lower a candle into the places into which they wish to 
descend; if the candle is extinguished the atmosphere cannot 
be entered with impunity, unless special precautions are 
taken. It is possible, however, to exist for a short time in 
an atmosphere in which a candle refuses to bum. It is found 
that a candle goes out in. air when the oxygen sinks to 18'5 
and the carbon dioxide rises to 2 '5 per cent. 

118. Tentilation. — We have already stated that carbon 
B 10.— VOL. I. <4 ^™ 
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dioxide is a product of combustion and of respiration. These 
proceaaea are of course continually going on in our dwellings, 
and unless Eome means •veve present of removing tte carbon 
dioxide produced, this gas would accumulate to such an extent 
as to Titiate the atmosphere. In the genemlity of cases 
the creTices of the doors and windows of an apartment are 
depended upon for the entrance of fresh air, and for the 
escape of the products of combustion and respiration; but 
where many persons are congregated together special means 
of ventilation are required. The arrangements employed in 
nearly all cases depend upon the fact that the temperature of 
the vitiated air is augmented by the vitiating process. The 
air expired from our lungs {which contains nearly 4 per cent, 
by volume of carbon dioxide) has a temperature of about 34°; 
that rising from gaslights, two of which bimiing at the 
ordinary rate produce as much carbon dioxide as an adult, 
is of course considerably hotter. By reason of its increased, 
temperature the contaminated air is rendered specifically 
lighter than the fresh and cold air, and ascends, therefore, to 
the ceiling of the apartment. The air near the floor of a 
room ordinarily well ventilated usually contains torn '06 
to '03 volumes of carbon dioxide per 
cent, ; that near the roof not unfro- 
quently contains twice these amounts. 
These facts are well illustrated by 
placing a tall stoppered jar over a 
number of caudles attached to a sup- 
port, in the manner repi'esented in 
flg. 84. It will bo noticed that the 
tapers are successively extinguiahed, 
beginning with that near the top of 
the bottle where the contaminated air 
accumulates. If the stopper he with- 
I drawn immediately before the lowest 
' taper is extinguished, and the jar 
raised a little, the flame will be 
revived by the entrance of fi-esh 
Mr and the escape of that which is vitiated. If a lighted 
taper is hold at the bottom of the door of an ajiart- 
ment the flame will be blown Inwards by the current of 
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cold fresh air; if held near the kip it will be blown 
outwards by the escape of the warm coatamiiiated air. The 
ventilation of mines is conducted on the Baroe principles. 
A mine has usually two shafts, nader one of which (the 
up-cast shaft) a fire J3 kept burning so as to create aa 
uprush of air; cold and pure air descends through the 
down-cast shaft, and is made to traverse the workings, so aa 
to sweep along with it towards the up-cast shaft the gases 
produced by respii-ation and combustion, together with those 
evolved irom the seams. The apparatus in fig. 85 is intended 




Fig. 85. 



to iiluatrate this Eiction. A lighted taper is placed in one of 
the glass chimneys; this occasions a cun-ent of air in the 
direction indicated by the arrows; the air stream may be 
rendered evident by holding a piece of Bmoking brown 
paper over the chimney corresponding to the down-cast shaft. 
If this chimney be closed by a cork the taper will be ex- 
tinguished from the lack of fresh air. The tajjer may like- 
wise be extinguished by pouiing carbon dioxide down tho 

119. Liqnid Carbon Dioxide. — Carbon dioxide may be 
liquefied under a pressure of 36 atmospheres at 0°, by the 
methods described on page 205. The liquid ia exceedingly 
mobile, and ia non-misoible with water, although readily 
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Bolable in ether and alcoliol. Its specific gravity at 0° ia 
0'947 (AndrteS). It boils at - 78-2, under a pi-essure of 
760 m.m., and expands very rapidly on being heated. One 
vol, at 0° becomes 0'95 vola. at— 10°, 1'06 vola. at + 10, 
and 1-14 vols, at + 20°. Liquid carbon dioxide has feeble 
Bolvent properties. It does not i-edden litmus, and is a bad 
conductor of electricity. It is not decomposed by any oi-di- 
nary reducing agents, with the exception of the alkaline 
metals. 

120. Oontinaity of the Gaseous and Liqnid States. — 
liquid carbon dioxide has been made the subject of a very 
remarkable inveatigation by Dr. Andrews, If the tempera- 
ture of a quantity of the liquefied gas be gradually raised to 
about 31°, the surface of demarcation between the liquid and 
tlie gas becomes gradually fainter, and eventually disappears, 
and the tube seems to be filled with a pci-fectly homogeneous 
fluid. At the above temperature, termed by Andrews the 
" eri^eal point," the carbon dioxide ceases to be liquefied 
under pressure. Other oondensible gases and highly volatile 
liquids have fixed and determinate points at which they 
cease to be liquefied under pressure; the property ia indeed 
common to all vaporizahle liquids and oondensible gases. 

The critical temperature of the so-called permanent gases 
is BO very low that we are unable to produce a degree of cold 
sufficiency intense, even when combined with enormous 
pressures, to condense them to the liquid state. 

Carbon dioxide may thus be made to pass from the state 
of gas to that of liquid without any sudden diminution of 
volume occurring. If a given volume of the gas, at 50°, be 
exposed to gradually inci-easing pressure (aay up to 150 
atmospheres), we notice that the volume is gradually less- 
ened with the increment of pressure, but no sudden contrac- 
tion indicating liquefaction occurs. If the gas be allowed to 
cool down to the ordinary temperature, no breach in the con- 
tinuity of the operation is observed. The carbon dioxide in 
the outset ia a gaa, and in the end becomes a liquid by a 
gradual transition, unaccompanied by any abi-upt chajiges of 
volume, Andrews infers, from these observations, that what 
we style the liquid and gaseous atates are simply widely 
separated manifestations of ti>e same condition of matterj 




CARBONIC ACID. 245 

tiliere & no real line of demarcation beWeen vhat ve ordi< 
narily term the yariaas physical stateB. Carbon dioxide 
passes from the state of perfect gas to that of perfect liquid 
by xa absolutely continuous process. 

121. Solid Carhon Dioxide. — By the rapid evaporation of 
a portion of the liquefied carbon dioxide, the remainder may 
be caused to solidify. The solidified substance has such a 
low conductivity for heat, that it may be exposed to the 
ftir for some time without much of it evaporating. An air 
thermometer immersed in it sinks to — 78°. Although so 
intensely cold, the snow-lite loosely aggregated mass may 
he placed on the hand without evil consequence j but ti 
pressed between the fingers, it occasions acute pain, and 
causes a blister like a burn. By mixing it with ether it 
evaporates rapidly, and produces a still greater degree of 
cold; by placing the mixture under the receiver of an air 
pump, most intense cold is produced, sufficient to liquefy, 
and even to solidify, the gi'eatflr number of the gases. Liquid 
carbon dioxide itself is converted into a transparent ice-like 
mass when placed in the mixture. 

122. Carbonic Acid. — The solution of carbon dioxide 
in water ia supposed to form an acid — carbonic acid, 
HjCOg — which has the same relation to the gaa that 
nitric acid has to nitrogen pentoxide. It has been ob- 
served, when water is saturated with the gas under pres- 
sure, that more gas is evolved when the pressure is re- 
leased after a few hours than after a few days. It wotUd 
appear fi-om this observation that the gas dissolves as such, 
but that after prolonged contact with water it becomes 
Lydrated, ajid passes into the state of hydrogen carbonato, 

HjCOg. 

Carbonic acid is a vciy feeble acid; its solution turna 
tilue litmus to a wine-red colour, quite different from the 
bright red tint produced by the mineral acids. The colour 
occasioned by carbonic acid is destroyed by boiling its 
solution, owing to the decomposition of the acid, and the 
dissipation of the cai-hon dioxide. Carbonic acid forms 
two series of sfdts possessing the general formulte, MHCOj 
and M^COg, or irCOg, where M sigoifiea Ag, NH^, or an 
alkaline metal, and M", a metal like Ca, Mg Fc, 4c. The 
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CDmpodtion of a few of the prmcipiJ carbonates is represented 
by the following formulse ; — 

Sodioin Carbonste (Wailung Soda) Nft,COj + 10I 

Sodiam Hydrogen Carbonate (Bicarbonate 

of SodaJ, NaHCO, 

Caleinm Carbonate (Limeatone: Marble),... CaCO^ 

FerroDi Carbooate (Spathic Iron Ore),' FeCO]. 

Doable Magncaiiini and Calcinin Carbonate 

(Dolomite), MgCaSCf^ 

Carbon dioxide passed into a Bolntion of potassinm hydroxide, 
is imiDediately absorbed with the formation of an alkaline 
carboDate. In contact with a solation of lime (time water), 
a white precipitate of calcium carbonate is obtained. If a 
current of carbon dioxide be passed for some time into lime 
water, iJie white precipitate at first formed gradually dis- 
appears, and the liquid again becomes transparent — the 
calcium carbonate dissolving in the solution of carbonic 
acid. If the clear liquid be now boiled, the calcium carbonate 
is reprecipitated, in consequence of the destruction of the 
acid, and the elimination of the gas. The "temporary" 
hardness of Bpring water ia due to the m^nesium and 
calcium carbonates, held in solution by caj-bonic acid; the 
" fur " of the kettle, and the incrustation of the steam boiler, 
are alike caused by the precipitation of these salts on boiling 
the water. The precipitation may be prevented by adding 
sal-ammoniac to the water, wliereby the eai-tha are converted 
into soluble chlorides, and ammonium carbonate is pro- 
duced, which volatilizes with the steam. 

Although carbonic acid is a feeble acid under ordinary 
conditions, being expelled from its combinations even by 
acetic acid, it is yet capable of turning out that acid under 
increased pressure. A solution of calcium acetate is deconn' 
posed by carbon dioxide, under a pressure of about 28 
atmospheres, with the formation of spicular crystals of 
calcium carbonate. 

Carbon dioxide is readily absorbed from a gaseous niixtare 
by solid potassium or sodium hydroxide. Advantage is taken 
of this fact in order to determine the proportion of this sub- 
stance in a mixture of gases. The amount of carbon dioxide 
in the atmoaphera may be accurately df^tcrniined by agita- 
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tiag a given volume uE a 
or lima wiiter of determi- 
imle strength, Tlie alka- 
line liquid absorbs tLe 
carbon dioxide, and cal- 
cium or barimu carbo- 
nate ia precipitated; tbe 
excess of the lime or 
b^y ta in solution is tben 
deteiTnined hj neutraliz- 
ing the liquid with weak 
hydrochloric or oxalic 
add solution of known 
Bti'engtli. If the acid be 
made of such strength 
that 1 cc. is equivalent to 
Imgm. of carbon dioxide, 
thedifferenoe in tbe num- 
ber of cubic centimetres 
required for the given 
volume of the alkaline 
liquid before and after 
absorption at once ex- 
presses tbe number of 
KuIIigrams of carbon di- 
oxide in tbe volume of 
air employed. 

123. Tlie Compoaition 
of Carbon Dioxide waa 
first demonstULted with 
approximate accuracy by 
Lavoisier by biirtdng the 
diamond in a current of 
oxygen. He found (hat, 
the gag was composed of 
28 parts of carbon, and72 
parts of oxygen. More ac- 
curate experiments made 
on the same principle 
have shown that the true iclation 
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of osygeu. The determination of the atomic weight 
bon has frequently be«n made the subject of rigorous experi- 
ment. The exact knowledge of this weight is of great 
importance by reasoa of the great role played by carbon in 
nature, and from the fact that the proportion of the element 
in its compounds is almost invariably determined by weigh- 
ing it in the form of carbon dioxida The apparatna 
represented in fig. 8G is intended to illustrate the principle of 
the method employed by Dumas and Stas to determine the 
atomic weight of carbon. The tube a a passing tbrmigli 
the furnace contains & platinum tray or boat containing a 
weighed quantity of diamond. It is heated to a high tem- 
perature, and a stream of oxygen from the gasometer 6, freed 
from carbon dioxide and water by traversing the absorption 
tubes, c d, is passed over it. The carbon dioside produced is 
completely absorbed in the weighed tubes, e/g h, containing 
potassium hydroxide both in the solid state and in solutdou. 
The decrease in weight experienced by the platinum tray 
gives the amount of carbon consumed, and this weight, sub- 
tracted from the gain in the absoi-ption tube, shows tho 
amount of oxygen with which it has united. By a series of 
carefully conducted experiments, in which every precautioa 
waa taken to ensure the complete oxidation of the carbon, 
Dumos and Stus obtained the relation above expi-essed 
— viz., 27'27 of carbon to 72-73 of oxygen. Assuming that 
the formula of carbon dioxide is CO, — t. e., that there are 
twice as many atoms of oxygen in the compound as of carbon 
— tlie atomic weight of carbon is found from the equation — 
27-27 X 



f car-^n 



7273 



' = 12. 



That the formula of the gas is actually CO, is demonstrated 
by its density, and by the fact that the gas contains its own 
Tolume of oxygen. If a piece of charcoal be burnt in a con- 
fined volume of oxygen, it is noticed when the combustion is 
at an end that the residual gas has experienced no alteraticm 
in bulk. 

Carbon dioxide is slowly decomposed by a series of indoo- 
tion sparks into oxygen and carbon monoxide. The same 
decomiKiaitioii is partially effected by heating it to 1200° 



CARBON MONOXIDE. 2i9 

— 1300°. Indeed the spark produces the decompositioD of 
tho gas by the great hoat which it evolves. The molecules 
in the proximity of the wires are intensely heated, and 
become digsocialed; their recombination is prevented by their 
immediate diffusion into the mass of the undecomposcd and 
cold gas. 

Carbon dioxide passed into melted Bodinm produces sodium 
oxalate — 
[ 2C0, + Na, = C,N»,Oj. 

This reaction constitutes a very interesting example of 
organic synthesis. Potassium, in contact with warm and 
moist carbon dioiddo, [nxiduccs potassium foimate aad acid 
carbonate — 

2C0, + K, + HjO = CHKO, + CHKO,. 

PotasBium Potassium Hydrogen 
Foromta. Carbonate. 



124. Carbon Monoxida — This gaa is produced when 
L carbon bums in a limited supply of oxygen. It may also 
I be obtained by passing carbon dioxide over heated carbon — 
CO, + C = 2C0, 

i blue lambent flame freqnently seen plajdng over tho 
[ Biirface of red hot coals is formed by the combustion of 
I carbon monoxida The oxygen of tho air entering at the 
bottom of the grate combines with the carbon of the coal, 
forming carbon dioxide, which, in contact with the ignited 
fuel, takes up an additional quantity of carbon, producing' 
carbon monoxide. This gas being combustible, becomes 
inflamed at the top of the fire, where it again mixes with 
fi^ee oxygen, and bums to carbon dioxide. 

Dense black coal smoke is alm(st invanably acconipanicd 
by carbon monoxide. Anal3rs{s A shows the composition of 
the gases from glowing coal; B, that of the gases accompany- 
ing dcii'ie black smoke; C, that of common brown smoke. 
Tl)e last two samples were from boiler fires, and were col- 
lected from the chimney {Angus Smith) — 
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Carbon Dioxide, 1543 7-09 BOB 

Carlxm Manoiide, 3'49 4'46 none 

O^gen OQB 757 1441 

Nitrogen 8012 80*88 8054 

100*0 10000 lOO'OO 
Sample B in all probability was produced by defective 
arrangementa in tlie constmction of the fiie-places, or by 
negligent stoking. 

Cai'boa monoxide is largely evolved in many metallurgical 
operations, as in the smelting of ii-oa and copper; tlie gas 
evolved from the blast furnace contaiuH from 26 to 30 ]jer 
cent., and that from the copper redning furnaces about 15 
l>ev cent., of carbon monoxide. 

125. Preparation and Properties of Carbon Monozida. 
— We have already soen that wana and moist carbon dioxide 
in contact with an alkaline hydroxide forms a formate. By 
Iieating formic acid with strong sulphuric acid it is resolved 
into carbon monoxide and water — 

CH,0, = CO + H,0. 

Carbon monoxide may also be obtained from oxalic acid 
by heating it with sulphuric acid. The gas in thia case JS-^^k 
accompanied by aa equal volume of carbon dioxide. ^^^H 

C,H,04 = CO + CO, + H,0. ^^H 

The mixed gases may be collected over the water trough m ^^^ 
the ordinary way; the carbon monoxide is readily obtained 
free &om the dioxide by agitation with potash solution. 
A convenient method of preparing carbon monoxide consists 
in heating finely powdered crystallized potassium feiTocyanide 
with eight or ten times its weight of strong sulphuric acid. 
The reaction may be thus i-epi-esented — 

K^FeC„N, + 6H,0 + CH,80, = 6CO + 2K,804 + 3(NH4),SO. + FaSO,. 
PntMsiuni Sulphurio Potassium Ammonium Fcrroui 

FoiToctauids. Auld. Sulphate. Sulplmte. SulphiU. 

Carbon monoxide is a colourless gas, of a density nearly equal 
to that of the air. It has never been liquefied, and is but 
B]>aringly soluble in water. 100 volumes of water at 15" 
dissolve 24 volumes of the g.TS. It bums with a beautiful 
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blue flame, generating carbon dioxide; tLe colour of tlio flame 
is somewhat modified by the temperature of tlie gas. Tlie 
temperature of the flanie is exceodingly hot; it is calculated 
to be over 3000°. Carbon monoxide forma on explosive 
mixture with oxygen. 2 volumes of the former gas mixed 
with I volume of the latter produce 2 volumes of carbon 
dioxide. Since 2 volumes of carbon dioxide contains 3 
volumes of oxygen, it ia evident 1 volume of the oxygen must 
have been contained in the carbon monoxide; hence this gas 
contains half its volume of oxygen. Two volumes of carbon 
monoxide weigh 28; this less 16 (the weight of 1 volume of 
oxygen), gives 12 for the weight of 1 carbon atom. Accord- 
ingly, the formula of the gas is CO. 

Bunsen has accurately investigated the phenomenon of the 

combination of oxygen and carbon monoxide as effected by 

the induction spark. When the two gases are mixed in the 

proportion of 2 volumes of carbon monoxide and 1 volume of 

oxygen, and the mixture is inflamed, it does not wholly and 

instantly bum to carbon dioxide as we should ajtriwi expect. 

' In the oataet, only one-third of the carbon monoxide forms 

carbon dioxide, whereby the temperature of the mass is raised 

fromO'toSOSS"; by radiation and conduction the temperature 

' becomes lowered to 2558°, after which combustion recom- 

I mencea, and continues until half the carbon monoxide is con- 

, Bumed, The combustion is again suspended until the 

\ temperature sinks to about 1146°, when a thii-d piase 

[■of combustion is set up, followed by a period of inac- 

I tion, these alternate phases of constant and decreasing 

f temperature being repeated until the gaa is completely burnt. 

■ Bunsen has also determined the velocity of propngation in the 

[combustion of the mixture, and he finds it to be less than 1 

f metre per second. 

' 126. Aotion on the Economy. — Carbon monoxide is an 
excessively poisonous gas. It acts rapidly on the blood, com- 
bining with the hemoglobin to form carhoxnj-hamoglobin, a 
body possessed of a bright i-ed colour. The poisonous action 
of the gae appears to be duo to the dcrangem.ent of the 
functions of the blood in consequence of the creation of this 
E .compound, wliich poBsessos a cei'te.in degree of stabUity, and 
big leas easily decomposed than oxyhemoglobin (see p, 75). 
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Carbon monoside is always produced in moi-e or less quantity 
by burning charcoal and coke. The fatal effects which c 
aionally follow the comhuBtion of these Bubatancea in 
ventilated apartments are due to the presence of this gas. 

Compounds of Carbon and Nitsooen, 
127. Cyanogen. — Oarboa and nitrogen cannot be made to 
combine directly, but if a stream of oitrogen gas be passed 
over a strongly heatod mixture of charcoal or carbonaceous 
matter and an alkali such as potash, an alkaltTie cyanide ia 
produced. The formation of potassium cyanide, KCN, is 
occasionally seen in the blast furnace of the iron smelter, 
from the action of the nitrogen of the air upon the carbon cif 
the coke, and the alkali contained in tlie clay or limestone. 
This reaction has been proposed as a method of utilizing the 
nitrogen in the air. If baryta, be substituted for potash, and 
the mixture heated in air, barium cyanide is formed, which, 
on treatment with superheated steam, yields ammonia and 
barium carbonate. Ammonium cyanide is Eaid to be pro- 
duced by the combustion of coal gas which has passed through 
aqueous ammonia. Compounds containing cyanogen are 
prepared on the large scale by heating a mixture of nitit)- 
gcnous organic matter, such as hides, hoofs, featbers, &c., 
with potassium carbonate and scrap iron. On lixiviating 
the mass with water, and recrystallizing the soluble portion, 
potassium ferrocyanide, or yellow pi-ussiate of potash 
(K^FeCgNa ■"■ ^HjG) is obtained. From this salt, and from 
potassium cyanide, the remaining compounds of cyanogen 
ore directly or indirectly prepared. 

Many of the compounds of cyanogen possess a very striking 
I'elatiou to those of chlorine. The nature of this relationship 
is apparent from the following formulte — 
HCN KCN 
HCl KCl 

These bodies are produced by analogous reactions. Thus, 
HON (hydrocyanic acid) is obtained by heating potassium 
cyanide with sulphuric acid, exactly in the same manner that 
HCl (hydrochloric acid) is prepared from potassium chloride, 
Fotassimn oyanide and chloride are isomorphouB — t. e., they 



r 



PREPARATION AND PHOPKBTIES OF CYAKOQEN. 253 



I 



possess the same crystaUine shape. Silver cyanide and 
chloride are both ■white, insoluble compounds, ohfaimed by 
ndxing a soluble salt of silver with a soluble chloride or 
cyanide. It is evident therefore from the above formuloa 
that the group CN behaves as an element — for example, 
like chloiine — going in and out of combination lite 
a simple substance. Such a gixtup of elements is called a 
compound radical, and to indicate the fact that the gronp 
CN behaves like a simple substance, it is frequently repre- 
sented by the contracted symbol Cy. Thus — 

KjFeCgNj (yollow pniaaiate of potnah} becomes K,FeCy, 1 



Instances of compound radicals are far more frequent in 
oi^ianic than in inorganic chemistry; indeed, it was at one 
time proposed to define organic chemistry as the chemistry qf 
the compound radicals, a definition intended to indicate a 
supposed difference in the constitution of organic and in- 
organic derivatives. 

1S8. FrepiiTatioiiaiid Propeities of Cyanogen. — Cyanogen, 
PN f' ^^^ <^<^0T6red by Gay Lussac in 1815, and is in- 
teresting as being the fii-st compound radical which was 
isolated. It may be readily obtained by heating silver or 
mercuric cyanide, or a mixture of meteoric chloride and 
potassium cyanide — 

Hb(CN), - Hg + gg|. 

In reality, however, the decomposition is not quite ao 
simple OS the above equation would indicate: a portion of 
the cyanogen becomes converted into a brown infusible sub- 
stance, teiTued paraoyanogen. The foi-mation of this body 
depends upon the temperature and pressure at which the 
mercuric cyanide is heated. Another interesting mode of 
formation consists in dehydrating ammonium oxalate by 
R of phosphoric pentoxide — 



C,(NH,)gO^ - 4H,0 
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Cy«iwgen ia • etdodrieas gaa <f • reanrkaUe ado« Bk'^ 
etanoC be eeaaaimatlj odleeted oT«r water, as it finahta 
in Ibat tiqnid; 1 toL ^ water kbaorbing aJaoat 4-5 toIb. of 
tbe gs«. Hie aqneooa solotioa is readilr decanjneed; tta 
cnaogea being traasfarmed into smmonjiua oxslate, m^ 
<CH,y^), and a sabstaoce tailed azolmk acid (C^y^H^). 
Am eyaaogea (unlike chlorine) does not attack mercoi;, ifc 
nay be collected orer that metal. 

Cyaaogta bams in the air with a poi^Je Same, foRDiag 
carbon dioxide and nitrt^n, CjNj + O^ = COj + Ny Urn 
same decomposition is effected by exploding it with oxygen. 
Cyanogen is one of the most easily Uquefiable of the gases. 
By simply cooling it down to — 20°, or by expomng it to a 
pressure of 4 '5 atmospheres at the ordinary temperature of 
the air, it condenses to a colourless, highly refractive liqifid 
of Bp. gr. 0'8C; by strongly cooling the liquid, it solidifies 
to a crystalline, ice-like mass, melting at — 34°, Cyan<^n 
may readily be transformed into compounds usually regarded 
as organic by the action of purely inorganic bodies. "When 
ti-eated with a strong aqueous solution of hydrochloric add, 
it yields oxiimide, C^N^H^O^; by nascent hydrc^en, evolved 
from tin and hydrochloric acid, it is converted into elheiw 

1S9. Paracyanogen, C^N,. — This body may be regoxded 
as an allotropic modification of a compound radical It 
stands in exactly the same relation to ordinary cyanogen 
that ozone stands to oxygen. It is merely condensed 
cyanogen. The degree of condensation in the paracyanogen 
is unknown. 

By simply heating this substance to a high temperature, 
in a vacuum or in an atmosphere incapable of acting chemi- 
cally upon it, as in nitrogen, it is reconverted into cyanogen. 
Paracyanogen may be obtained in quantity by heating mer- 
curic cyanide in small portions, in sealed tubea, to about 
440' (in the vapour of boiling sulphur). Nearly one-half of 
the cyanogen is thus transformed into the polymeric modifi- 
cation. By opening the tubes, and heating the mass to 440° 
in a wirrcut of cyanogen gaa, it may be completely freed 
fWim mercury. 

IrCKist and Hautefouille have determined the relatioa 
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wLIch exists between the temperature and pressure and the 
foi-mation of paracyanogen. When silver cyanide is heated 
to iiO" in a vacuum, only 17 per cent, of the cyanogen ia 
converted into paracyanogen, and only 20 per cent, under 
the ordinary pressure of the atmoephere; but, if the Bait is 
heated in sealed tubes under a pressure of CO atmospheres, 
64 per cent, of the cyanogen ia transformed into para- 
tyanogcn. If the silver cyanide he heated to 600° in sealed 
tuhes, when the pressure amounts to 80 atmospheres, 76 per 
" cent, of paracyanogen is obtained. On the other hand, if the 
paracyanogen be heated to 860°, it is completely reconverted 
into cyanogen. 

130. Eydrocyanio Acid (Cyanide of Hydrogen, F'or- 
monitrile, Pmssic Acid) HCN or HCy. — We have already 
stated that this body may be formed synthetically by passing 
a series of induction sparks through a mixture of nitrogen 
and ethine (p. 225). It may more i-eadily be obtained from 
the metaJlic cyanides — (1.^ By the action of sulphuric acid upon 
potassium cyanide; or (2.) IJpon potassium fei-rocyanide; or 
I (3.) By agitating sDver cyanide will dilute hydrochloric acid: 

(1.) KCy + HjSO. = HCy + KHSO.. 

(2.) 2K.FeCr, -H,H,SO, = GHCy + K.Fe.Cy- + 6KHS0.. 

(3,) AgCy + HCl = AgCl + HCy. 

The anhydixiua acid is most readily obtained by passing a 
stream of sulphui-etted hydrogen over gently heated mercuric 
pyauide — 

HgCy, + E,S = 2HCy + EgS. 

The gas must be condensed in a, freezing mixture aa it hoila 
at 2G-5. The anhydrous acid has a sp. gr. of 0-7 at oi-dinaiy 
temperatures. If the liquefied acid be allowed to volatilize 
rapidly, the onevaporated portion solidifies. The vapour of 
hydrocyanic acid bums in the air, and explodes when mixed 
■with oxygen, foiming carbon dioxide, water, and nitrogen. 
When heated with potassium, hydrogen is eliminated, and 
ft cyanide b formed. The liquefied acid ia suddenly 
led when waimed with hydrochloric acid solution, 
[ forming ammonium chloride and formic acid — 

HON + HCl + 2H^0 = CH,0, 4 NH.a 
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If, however, the vapoitra of the dry acids be mixed at b, low 
temperature, tnethm^lammonium chloride xs \ NCI ia ob- 
tained as a white, cryetalline, odourless substance, which 
gradually decomposes in contact with air, and quickly when 
dissolved in water forming ammonium chloride and foi'mic 
acid. 

The fixed alkalies at a high temperature produce a simile 
decompositioa, the acid being resolved into ammonia and 
formic acid. Cyanide of hydrogen dissolves in water in all 
propoi-tions; its solution is lighter than water, and slightly 
reddens litmus. The strong acid is intensely poisonous, ono 
drop of it being sufficient to cause instant death. Its vapour 
is also excessively poisonous, and even when largely mixed 
with air it produces giddiness and headache, accompanied by 
a peculiar initation of the fauces. The dilute acid of the 
Pharraacopceia contains about 2 per cent, of HCN. The 
solution, however, is liable to change on account of the great 
volatility of the substance, and by reason of its tendency to 
decompose into ammonium formate and other products. The 
aqueous acid is more stable in pixiportion to its degree of 
dilution. The presence of hydrochloric acid in slight quan- 
tity tends to prevent change. The addition of an alkali, 
however, promotes the decomposition. Hydrocyanic acid is 
immediately converted into ammonia, and potassium cyanide 
and formate on treatment with potassium hydroxide — 
2HCN + 2KH0 = ICON + CHKO, + HjN. 

Hydrocyanic acid exists in the juices of many plants, or is 
formed by the immersion of parts of the plants in water. 
The acid is produced from the kernels of bitter almonds, 
plums, cherries, apricots, the blossoms of the aloe and moun- 
tain ash, and the leaves of the peach, cherry-laurel, die The 
greater portion of the acid obtained does not exist preformed 
in the plants; it is derived from a substance called amyg- 

j daiin, which under the influence of a ferment termed envu&m, 
is converted into glitcote, hitter almond oU, and hydrooyanie 

\aeid. 

Hydrocyanic acid may be i-eadily detected (1.) by its 
peculiar odoui, and (2.) b^ reactions with the oxides of iron. 
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and with Elmmonium Bulpbide. [Hie liquid containing the 
hydrocyanic acid is made alkaJiae with caustic potash, and is 
then mixed with ferrous sulphate solution containing a filight 

rmtity of ferric chloride; oa adding hydrochloric acid to 
aolvo tha precipitated oxides of iron, pruaaian blue ia ob- 
tained. If the liquid suspected to contain hydrocyanic acid 
be mixed with ammonium sulphide and evaporated to dry- 
ness, ammonium sulphocyanate is obtained, which on the 
addition of a di-op of ferric chloride solution gives an intonso 
blood-red coloration of the aulphocyanate of ii-on. 

131, The Cyanides. — Hydrocyanic acid ia monobasic. The 
cyanides are an important class of salts. Many of them are 
of exceedingly complicated constitution, from their tendency 
to unite with one another to form double cyanides. The 
following formida! give the composition of the more important 
cyanides; — 

KCy, Fotosaium Cyanide. 

AgCy, Silver Cyanide. 

AgCy.KCy, Double Cyanide ot Silver and PotasBinm. 

AuCy.KCy, Double Cyanide of Gold and Potaasium. 

NiOr.SKCy Double Cyanide of Nichel and Potaasium. 

Co,Cy,.GKCy> Potasaium Cobalticyanida. 

Fe,C^(6KCy, Potasaium Farricyanide. 

CoCy,4KCy, Potassium Cobaltocynrnds, 

FeCy,4KCy, Potassium Ferrocjanide. 

Cyanides may be detected by fusing thora with sodium 
thiosulphate (hyposulphite), whei-eby they are converted into 
sodium aulphocyanate, which gives a red coloration with 
ferric chloride. A crystal of the thiosulphate ia fused in tho 
loop of a platinum wii* with a minute quantity of the 
BubstancQ to be examined until sulphur begins to volatilize; 
the fused mass ia then placed in a few drops of ferric chloride, 
which is immediately reddened if any alkaline sulphocyanate 
has been formed. 

132. Cyanic Acid, CNHO or CyHO.— This substance is 
produced by heating its polymer cyanuric add, Cy^,0„ or 
by heating urea with phosphoric pentoxide. In combination 
with potassium it may be easily obtained by heating dry 
potassium ferrocyanido with manganese dioxide or red lead. 
If the potassium cyanate so obtained be decomposed with 

sulphate, and the solution of ammonium cyanats 

'TOL. I, 
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be ooncentratetl, vrea cryatallizea out, and may be pmiiled by 
reorygtallizatioQ from alaohol — 
CNNH.O a HiN.CO. 
Ammoniuni Cyanata, Uroa. 

This transform ation, whicli was fii-st observed by Wohler in 
1828, ia of interest as constituting one of the earliest dis- 
covei-ed cases of the formation, of a substance formerly only 
to be obtained by the vital processes of animals. Cyaiiio 
acid is a thin, colourless liquid of sp. gr. I'liat 0°; itpossesaea 
a very pungent odour, and rapidly attacks the skin, producing 
severe pain. It readily chaiigea, even when in a freezing 
mixture, into cyamielide, a snow-white subsbmce resembling 
porcelain. At the ordinary temperature of the air the trans- 
formation is complete in a few minutes, and with the develop- 
ment of BO much heat that tlic substance explodes. When 
mixed Tpith water the free acid is gradually resolved into 
carbon dioxide and ammonia. Cyanic acid is monobasic, and 
gives rise to a series of salts, many of which may be obtained 
in well defined crystals. The cyanates are distinguished from. 
the cyanides by lie formation of a greenish-brown precipitate 
with copper nitrate, and by the non-formation of a precipitate 
with the chlorides of tin and iron. 

133. Cyatturic Aoid, CygHjOg, bears the same relation to 
cyanic acid that para-cyanogen bears to cyanogen. If urea 
bo heated with dilorine, it swells up, and is resolved into 
hydrochloric acid, nitrogen, ammonium chloride, and cyanuric 
acid — 

3CH(NjO + Clj = nCI -I- N ■^ 2NH.C1 + CjNjHjO,. 
Cyanuric acid is slightly soluble in water, from which it 
eeparates in large colourless efflorescent crystals, containing 
2 atoms of water of cr3rstalli£ation. It is a feeble acid, and 
is not poisonous. It is tiibasic, and forms two series of 
crystalUzable salts, termed cyanurates, normal and acid, and 
which are distinguished from the cyanates by their sparing 
solubility in water. 

134. Cyamelide n(CyllO) is the white inodorous sub- 
stance formed in the transformation of cyanic acid. On 
heating it is reconverted into this acid, but on treatment 



1 it yields potassium cyttnurate. Wlien 
its solution in Btrong Biilphimc acid is heated, it is converted 
witb evolution of carbon dioxide into cyanuric acid. 
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135. Silicon — Symbol Si; atomic weight 28.— Silicon, 
although tho most abundant of the Bolid elements, is 
:r found fi'ee in nature. It exista in comhination with 
oxygen as silicon dioxide or silica, SiO„, a substance which 
occurs crystailized as quartz or i-ock crystal, and non-crystal- 
lina in the form of flint, calcedony, opal, &c. Silicon dioxide 
enters largely into the composition of many minerals, such as 
felspar, which is tlie main constituent of primitive rocks. 
The clays are essentially silicates of alumina. Silica is found 
also in the vegetable kingdom; the ashes of wlieat, of grass, 
&C., contain comparatively lai'ge quantities of this suhstance; 
the rigidity of the stems of the cereals is mainly due to silica. 

Silicon ia moat readily obtained by heating silicolluoride 
of potassium with sodium — 

KjFjSi + 2Naj = 2KF + 4NaF + SL 

On ti-eating the deflagrated mass with water the fluorides 
are dissolved, and silicon is left aa & dark brown amorphous 
powder. It may also be prepared by heating metallic sodium 
in the vapour of silicon tetrachloride. It is oxidized by a hot 
eolution of potash, and by nitro-hydrochloric op hydrofluoric 
acids. When heated in the air it bums, and is converted 
into the dioxide; it also suffers oxidation when heated with 
nitre or potassium chlorate. If strongly ignited in a covered 
crucible it becomes denser, and is less prone to oxidation; in 
this state it may even be heated in. tho oxyhydrogcn flame, 
or fused with nitre, without alteration. 

Silicon may be obtained in hexagonal crystals, resembling 
graphite, by fusingaluminium with silicofluoride of potassium, 
or by heating a mixture of aluminium, cryolite (Na^ AlFg), and 
powdered glass free from lead. On ti'eating the metallic 
button, fii'st with hydrochloric and then with Lydiofluorio 
acid, silicon is left in hexagonal tables of sp. gi-. 249. 
Graphitic silicon conducts electeicity, and reaiata the action 
of most acids. It is converted into the tetrachloride on heat- 
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ing in a Btream of clilorine, and into siHeie ^loro/orm, 
8iH0)|,, when heated in hydrochloric acid gas. 

Silicon may also be prepared in the form of iridescent davk- 
red hexagonal prisms by heating aluminium in the vapour of 
Bilioon tetrachloride. A portion of the aluminium is con- 
verted into aluminium chloride, which sublimes, and the 
eliminated silicon gi-adually saturates the remainder of the 
metal, and crystallizes out^ 

2AI5 + SSiCl^ = Sij + 2A1,C1,. 
A more economical method of preparing cryatalline silicon 
consists in fusing a mixture of silicofluoride of sodium with 
sodium and zinc. The mass is allowed to cool when the 
silicon assumes the form of long needles. The greater por- 
tion of the zinc may be removed by simply reheating the 
mixture, when the nietal fuses. The cryatals of silicon may 
be freed from the last traces of zinc by digestion with hydro- 
chloric and nitric acids. By strongly heating the metallic 
moss the zinc may be volatilized; the silicon is thus obtained 
fused, and it may be cast into bars. 

136. Silicon Hydride, SiH,, corresponding to marsh gas, 
may be obtained by dissolving magnesium sllicide in hydro- 
chloric acid — 

MgsSi + 4HCI - SiHi + 2MgC],. 
Magnesium silicide is prepared by heating a mixture of 4 
parte fused magnesium chloride, 3-5 parts silicofluoride of 
sodium, and 1 part fused cominon salt, with 2 parts of sodium 
in small fragments. On treating the mass with hydrochloric 
acid, silicon hydride is evolved, mixed with free hydrogen. 
The mixture takes fire spontaneously in air, forming a white 
fume of silica; if the supply of air is limited, amorphous 
silicon is deposited. The gas m."iy be obtained unmixed with 
hydrogen by the decomposition of triethylie eHicoformali — 

4SiH[0Ci,Hj)a = SiH. -I- 3Si(0CsH,).. 
When perfectly pure it is not spontaneously inflammable in 
the cold, but when gently heated it bursts into flame. It ia 
decomposed by potash in accordance with the equation — 

SiHj + 2HK0 + H5O = 4H, + SiO^K,. 
If the gas bo led into solutions of copper sulphiite or silver 
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Sitratc, silicidea of these metals are precipitated. T])CS8 
compounda are easily decompoaoc!, and suffer oxidation on 
exposure to air. 

137. Silicon Dioxide, or Silica (SiO,), occurs native in fine 
large crystals and nearly pure, in the form of quartz or rock 
ciystal; the amethyst is a, purple modification of quartz; the 
cairngorm is yellow or brown quartz. Homstone, jasper, flint, 
opal, Jjc, are modifications of silica. Silicon dioxide may be 
obtained by burning silicon in air or oxygen, or by decom- 
posing silicon fluoride with water (see Fluorine) — 
SiF, + 2H,0 = SiO, + 4HF. 

Silicon dioxide enters into the composition of many 
minerals — e.g., felspar, andalusite, leucitc, analcime, &o. 
The silica may be isolated by fusing the minerals with 
Bodium carbonate, digesting the fused mass with hydrochloric 
acid, evaporating to complete dryness, and washing the in- 
soluble residue with hot water, when the pure amorphous 
oxide remains as a soft white powder. This process is fre- 
quently used in the analysis of silicates. The silica so ob- 
tained is insoluble in water, and in all acids with the 
exception of hydrofluoric acid. It has a sp, gr. of abont 2-2; 
the crystalline variety (quartz) is somewhat denser, its sp. gr. 
being about 27. It is worthy of note, however, that a 
naturally occurring crystalline modification, discovered by 
G, vom-Kftth, and termed by him tridymile, has a sp. gr. of 
only 2-3. The crystalline fonn of tridymito is perfectly dia- 
similar from that of quartz. Silica fuses, at a very high 
temperature, to a clear transparent glass. It cannot be 
vaporized under ordinary conditions, but, if sti'ongly heated 
in a rapid current of steam, it appears to volatilize slightlyj 
nodules of this apparently sublimed silica are occasionally 
met with in the blast furnaces. Silica, more especially the 
amoiphous variety, is readily dissolved by hot solutions of 
the alkaline hydi'oxides. It is also soluble to a slight 
extent in solutions of the alkaline carbonates. By reason of 
the solvent action of these substances, silica is found in 
nearly all natiu-al waters. The hot springs rising in the 
neighbourhood of volcanoes are ficquently saturated with 
silica; as the water becomes cooled this substance is depo- 
sited, and forms aa Incrustatioa round the mouth of the 
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Bpring. A remarkable example of Bach a, super-saturated 
solution of ailica ia afforded in the geyaers of Iceland. 

138. Silicic Acid, analogous to carbonic ncid, waa obtained 
by Grabam, by adding a solution of an alkaline silicate to 
hjdrocblorio acid, and pouring the mixture to a depth of 
about half an inch on to a dialyser, made by stretching a 
sheet of parchment paper between two hoops of wood or 
gutta pei-cha (fig. 87). The dialyser is floated upon water; 
the sodium chloride and excess of 
hydrochloric acid pass through the 
paper; and, if the water be occa- 
sionally changed, pure silicic acid 
fc is left in the dialyser. Silicic acid 
phas, therefore, a very low power of 
F diffusion; it belongs to the class 
of substances termed colloids by 
Vig, 87. Graham, in contradistinction to 

f&OBB Bnbstances which pass readily through membranes, and 
which are termed crystalloids. The inequality in the rates 
at which different Hubstances paaa through moistened mem- 
branes may occasionally be taken advantage of to effect their 
Eepajation. If a mixture of potassium and sodium chloridea 
in solution is poured upon the dialyser floating upon water, 
it will be found that a considerable quantity of the ])otasaimn 
salt will raako its way through the membrane before any 
appreciable amount of sodium ohloride can be obsei-ved ia 
the outer liquid. This process of dialysis is occasionally 
made use of in toxicological research. If a liquid contaiaing 
a large quantity of colloidal organic matter {e. g., the contents 
of a stomach), and suspected to con^n arscinous trioxido 
or Btrychnine, be poured on to the dialyser, the oxide or the 
alkaloid will pass through the membrane, and may readily be 
detected in the water. 

The solution of silicic acid obtained by dialysis may be 
concentrated by boiling it down in a flask till it contains 
about 14 per cent of silica. It forms a tasteless and limpid 
liquid of a feeble acid reaction. It is graduaUy converted into 
a clear transparent jelly, which shrinks considerably on dry- 
ing ; it may be preserved for a longer time by the addition of 
a minute quantity of tydi-ocliloric acid, or by a solutiou of 
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jKttaah or Goda. A small quantity of sodium Ciirboiutte bringa 
about its coagulation in a, few minuf«s. When evaporated 
in vacuo it leaves a cleai' transparent mass of the composition 
HjSiOj. Tiie following seriea of hydrates of silica Lave beon 
obtain«l by Jlera— 

23iO, . H,0 4SiO, . HjO. 

3SiO,.H,0 8SiO,.H,0. 

Those Hiihstances are Tery unstable; the first mcnibera readily 
part with a portion of their water on exposure to air, and the 
others are very hygi'oscopic. 

The mineral silicates are very abundant. The following 
formulae exhibit the composition of some of the more im- 
portant members: — 
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Olivine MgjOiS'O,- 

Serpentine, MgsOjSisOj + 2H,0. 

Kaolin Al,0,Si,04 + 2H,0, 

Augite, MgOaiO,. 

Felspar, KjAljOiSioO,,. 



These substances occur naturally as distinct ciystallini 
compounds, and when intimately mixed form the more com- 
monly occurring rocks, Granito is a mixture of mica, quartz, 
and felspar; porphyry and trachyte are composed m ainl y of 
felspar, basalt of felspar, and augite; trap rock is composed 
of an intimate mixture of hornblende {MgOSiO^) and felspar; 
and serpentine rock is mainly made up of serpentine, 

139. Leokone or Silioo-fonnic Acid, SiH^Oj, is obtained 
by the action of water on silicon chloroform, or by exposing 
chryseone to light fvtde infra). It ia a white, bidky powder, 
lighter than water; it may be heated to 300° without chauge, 
but at a higher temperature it gives off hydrogen and silicon 
hydride. It is slightly soluble in water, and is immediately 
decomposed by caustic alkalies with evolution of hydrogen. 
It is a powerful reducing agent, separating metallic gold from 
its solution, and giving a black precipitate of silver silicata 
with ammoniacal silver nitrate solution. 

140. Chiyseone (Si^H^Ojl) is an orange-coloured suhHtonoe 
obtained by digesting calcium silicido with strong hydro- 
chloric acid. It ia insoluble in water, alcohol, and indeed in 
nearly all solvents. "When exposed to sunshine it quickly 
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becomes lighter in colour, givea off hydrogen, and is converted 
into leukone. The hydroxides convert it into fiilica, ■with 
evolution of hydrogen. In presence of alkalies it rapidly re- 
duces solutions of copper, lead, gold, silver, palladium, &c 
A compound of the formula Si^HgOj 13 produced by treating 
calcium eilicide with dilute hydrochloric acid. It forms 
colourless iamiuEB, which, whco dry, inflame spontaneously in 
air, leaving a mixture of silicon and silicon dioxide. 

141. Silicon Nitride is formed by boating silicon to a high 
temperature in a stream of nitrogen. It is a white, infusible 
mass, which may be ignited in air without oxidation. It is 
ilissolved only by hydrofluoric acid, with which it forma 
ammonium sOicofluoride. Heated in a stream of moist car- 
bon dioside it forms ammonium carbonate ; and when fused 
with potassium carbonate it yields silicate, cyanide, and 
cyanate of potassium. Its composition is not definitely 
eBteblished. 

So carbide of silicon is known. 



1 
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CHAPTER X. 
The Halogens. 
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Tma term is applied to a well characterized group or 
famnhj of elements, the members of which, four in nkunber, 
are named chloiine, bromine, iodine, and fluorina Among 
the fii-st three especially exist relations of a very intimate 
nature; thus, each combines with one atom of hydrogen to 
form an acid, termed respectively hydrochloric, hydrobromic, 
and hydriodic acid. Fluorine also combines with an atom 
of hydrogen to form hydi-ofluoric acid. The hydrogen in each 
acid is replaceable by an equivalent amount of potassium or 
sodium to fona salts which are analogous in physical pro- 
perties to sea-salt, whence the nnmo halogen ajiplied to the 
group, from ii\t, dXJt, gea-aalt, and yivnHa, to prodvee. The 
physical characters and properties of the three elements 



ejtliibit a temarkaljle gradational difference; thiia, at ordinary 
temperatures chlorine is a gaa, bromine a liquid, and iodine a 
Boiid. Equal bulks of tLe three subatances, when in the 
etato of true gas, show a similar gradation in their weights, 
the weight of the bromine vapour being the mean of that of 
the chlorine and iodine — 
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In chemical activity also bromine is midway between 
clilorine and iodine; thus, bromine eliminates iodine froui 
hydriodic add, whUst chlorine eliminates bromine trom 
Lydrobromic acid. 

142. Chloriae.^ — Symbol CI; atomic weight 35'5; don- 
Bity 35-5. 

This substance was discovered by Scheele in 1774, and 
termed aei/Tnurialic acid by Eai-thollet, on the Biipposition 
that it coutaiued oxygen. Its elementary nature was estab- 
lished in 1810 by Davy, who proposed the name by which 
the body is now callei Chlorine is never found free in 
nature; it exists in large quantity in combination with 
sodium, potassium, calcium, magnesium, £c. Immense 
deposits of alkaline chlorides are found in Galicia, Tyrol, 
Transylvania, Sjiain, and ia England (particularly in. 
Cheshire). Sea water also contains chlorides in large quan- 
tity; by far the main portion of the soluble matter consista 
of sodium chloride (see p. 141). Many mineral springs also 
contain common salt; some of them are so rich in this consti- 
tuent that they are utilized as soiu-cea of it 

Chlorine may readily be obtained from its combination with.^ 
Bodium by gently heating a mixture of common salt, n 
gftncse dioxide, and sulphuric acid — 

HNaCl + MnO, + aH^SO^ - CI, + NajSO. + MaSO^ + 2HjO. 
The gas may also bo prepared by the action of hydrochlot 
acid upon manganese dioxide, with the simultaneous formi 
tion of manganous chloride and water — 

MuO, + 4HC1 = MnCl, + CI, + 2H,0. 
Both these processes are largely used in clieniical nianufoo 
tones in the preparation of the chlorine for bleaching powdt 
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potaasium chlorate, ito. Many other pei-oxidea, and certain 
oxisftlts, may ija suVistituted for mangaaese dioxide in the 
above equiition; thus, red lead and acid potaasiutn chromate 
generate chloiine when heated with hydrochloric acid — 
Pb,0. + 8HC1 = 3PbCl. + Ca, + 6H,0. ' 
K,Cr,0, + UHCl = 2KC1 + CrjCig + 301^ + 7H,0. 

If the heated vapours of nitric and hydrochloric acids ba 
allowed to react upon another, chlorine, nitrogen tetroxide, 
and water are produced. By passing the producta through 
strong sulphuric acid, the last two substances are retained, 
the chlorine being unabsorbed— 

2HCI + 2HK0a = Ca, + N,Oi + 20^0. 
Thia process has been proposed for use in alkali works in 
which bleaching powder is made. A mixture of Chili salt- 
petre and common salt is heated with sulphuric acid, and the 
mixed products are treated with strong Eulphuric acid. The 
chlorine ia converted into bleaching powder, the nitrogen 
vapours are used in the manufacture of sulphuric acid, and 
the residiial sodium sulphate ia converted into sodium car- 
bonate. 

Chlorine ia a, yellowish-green gas (whence its name, from 
xXmpoi:), of a pungent and initating odour; it cannot be re- 
spired, as it rapidly attacks the membi'anes. Water dissolves 
about twice its volume of chlorine, and the solution pos- 
sesses ttie characteristic odoiu- and colour of the gas. On cool- 
ing a saturated sohition of chloi-ine in water te 0°, a solid 
flrystalline hydrate, having the composition Clg-IOH^O, sepa' 
rates out. On account of the solubility of the gas in water, 
it cannot be collected over the trough in the ordinary manner. 
As it is 35'& times heavier than hydi'ogen (and therefore 

yj^js = 2-i times heavier than e 

lected by downward displacement ii 
88. Chlorine cannot be collected o" 
attacks thftt metal. 

Chloi-ine is a very potent chemical agent, combining with 
many substances, even at the oi-dinary temperature. Phoa- 
phoi-us spontaneously ignites in the gas, fomiing phosphoric 
trichloride, which, in contact with excess of chlorine, is ulti- 



ir), it may readily be col- 
!■ seen in fig. 



r mercury, i 



rapidly 



mately converted into phosphoric pcntachloride. Araenia 
and antimony, when puiverized, and copper, tin, leud, and iron, 
when finely divided, bum in ch!o!-ine, to form chloridcB. Many 




componnda unite directly, and at the ordinary teraperatui 
with chlorine— «. g., sulphur dioxide, ethene, and carbon^ 
monoxide. Chlorine rapidly attacks many organic aub- 
Htances, forming addition products, as in the case of ethene 
(see p. 220); or Baistilwtion prodvcls, as in the cnse of 
methane (see p. 218). The gas, indeed, has an intense affinity 
for hydrogen; a lighted taper, plunged into iin otmosphcre 
of chlorine, continues to bum with a dull lurid flame, accom- 
panied by much soot, the chlorino preferring to unite with, 
the hydrogen to the exclusion of the carbon. For the same 
I'cason, the nonduminous flames of the Bunsen lamp and of 
alcohol become smoky when burnt in chlorine. If a piece of 
paper, moistened with oil of turpentine, C^^'S.^g, be thrust 
into a jar of the gas, it takes flame, and bums with a cloud 
of smoke. 

By reason of its tendency to unite with hydrogen, chlorine 
acts indirectly as an oxidizing agent in presence of moisture. 
Many metallic protoxides are converted into peroxides by 
the action of the gas in presence of water, the hydragen of 
which combines with the chlorine to form iiydrochloiio acid, 



CDElriSTRr. 

Thilst tlie libcTHted oxygea attacks the metallic oxide. If a 
Btream of chlorine bo led into an alkaline solution coataining 
sulphur, or a sulphur compound in solution, or Buspeoaion, 
the sulphur, in presence of water, is rapidly oxidized by the 
nascent oxygen to the state of sulphuric acid. The oxidizing 
action of clilorine b frequently made use of in chemical 
analysis. 

Chlorine destroys many organic colouring matters; ita 
bleaching action is due to ita power of liberating oxygen. 
If chlorine or an aqueous solution of the gas be allowed to 
act upon indigo, the blue colour is quickly discharged; a 
portion of the chlorine combines with hydrogen to form 
hydrochloric acid, whilst another quantity dis[)lacea hydrogen 
in the indigo to fonn the slightly coloured eldoriaatin: — 



Chlorine is occasionally used as a deodorizing agent, and 
as a disinfectant; its action depends upon its power of 
attacking organic substances by eliminating hydrogen, or by 
indirectly bringing about their oxidation. 

Chlorijie may be condensed by subjecting it to a pressure 
of about 8^ atmospheres at the ordinary temperature, and of 
6 atmospheres at d", to a yellow mobile liquid of sp. gr. 1 -SS, 
which, accoi'ding to Eegnault, boils at — 33'''6. Its lique- 
faction may be readily effected by sealing up a quantity rf 
the chlorine hydrate in a bent tube, and gently heating it; 
the hydrate melts, and the condensation of the chlorine is 
brought about by its own pressure. Although chlorine is 
BO readily condensed to a liquid, it has hitherto resisted all 
attempts to effect its solidification. 

143. Hydrochloric Acid {OlUorlde of Hydrogen, Cliior- 
hydrie Acid, Muriatio Acid, Spirit of Salt)— Sjmhol HCl; 
molecular weight 36-6; density 18'25. — This substance coa- 
atitutes the only known compound of chlorine and hydr(^;eii. 
It occurs to a slight extent in nature, being found in the 
exhalations from active volcanoes. It may be synthetically 
obtained by mixing equal volumes of chlorine and hydrogen, 
and exposing the mixture to the action of diffuse daylight. 
The chlorous colour of the mixture gradually disappeai^ 



and on opening the vessel the gas is found to have lost the 
odonr of chlorine, and to have acquired the property of 
filming Btrongly in the air; one volume of chlorine and one 
volume of hydrogen have comhined together to foiin two 
volumes of hydrochloric acid gas. If the two gases, both per- 
fectly pure, and mixed in equal bulks, are exposed to direct 
sunlight, they comhine with explosion; an explosive com- 
bination may also be effected by the electric light, or by 
the flame of burning magnesium, or of a mixture of nitrogen 
dioxide and carbon disulphide. The electric spark will 
also faiing about the union of the two gases. If a light 
glass flask be filled with equal i 
hydrogen over the water 
trough, and the uuxtui'e 
be fired by the induction 
spark, a loud explosion re- 
sults, and the flask will be 
shattered to fragments. The 
combination may be effected 
without danger by cover- 
ing the fiask with a thin 
wooden or sheet iron hox 
(fig. 89). We have already _ 
given many illustrations of ^^ 
the powerful chemical af- '. 
finity which chlorii 
fests for hydrogen. It is 
noticed that the aqueous Fig. 80. 

solution of the gas gradually lases its coloui', not only from 
the dissipation of the gas, but also from tjje fact of its 
combining with the hydrogen of tlie water. The liherated 
oxygen, also, combines wilJi a second portion of the chlorine 
to form chloric and perchloric acids. The decomposition 
of water by chloiine may be effected more quickly at a 
high tempei-ature. If chlorine and steam be together passed 
through a porcelain tube, at a red heat, and the products of 
the reaction be collected over the pneumatic trough, the gaa 
whiuh ia obtained will be found to be pure oxygen, ttio 
hydrochloric acid which is simultaneously formed being 
absorbed by the water. 
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Ilydroohloric ftcid gas was discovered by Priestley 
It may readily bo prepared by the -action of salphi 
upoQ coramoii salt — 

NaQ + H,SO* = HCl + NaHS' 



It amy be collected over mercury, but not over water, aa it 
is very soluble in that liquid. It is a colom-lesa, iiTespii-able, 
incombustible gas, which does not support combustion. It 
possesses a penetrating odour, and fumes strongly in & moist 
atmosphere, owing to its intense affinity for water. 

Under a pi'Cssure of about 40 atmospheres at 10°, hydro- 
chloric acid may be condensed to a colourless liquid of specific 
gravity 1'27. It is remarkable that this anhydrous acid is 
without effect on iron, zinc, magnesium, lime, and even on 
certain carbonates, although an aqueous solution of the gas 
xapidly attacks these bodies. 

Hydrochloric acid gaa deaomposca certiiin peroxides, espe- 
cially when gently heated. If a. stream of the dry gas bo 
passed over heated manganese dioxide, water will be formed, 
together with chlorine, which will manifest itself by its 
peculiar colour, odour, and bleaching action, (Fig. 90). 
MnOt + 4HC1 = MnCl, + CI, + 2H,0. 
If the manganous chloride be washed out of the bulb, and 
the solution mixed with slaked lime, and the precipitated 
oxide be treiited with a stream of air, it is converted 
into a higher stata 
of oxidnCioQ, and 
may again be uBod 
for the generation 
of chlorine. This 
is the principle of 
Weldon'a process, 
which is extensively 
cui ployed in the 
utilization of the 
" still liquors " of 
the bleaching pow- 
Kg- 9tt der manufactoriea. 

Itaa made tlie icteresting observation that if s 
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mixture of bydrocUoria acid gas and oxygen be passed 
cupiic BTilpbate heated to about 400°, the hydi'ochlorio 
acid is decomposed, Ita bydrogen combimng with tie oxygen 
to form water, whilst the chlorine is libemted. This prin- 
ciple constitutes the basis of a method of preparing chlo- 
rine on the lai^ge ecale without the intervention of manganese 
dioxide. 

At the ordinary temperature, water diaaolves about 450 
times its volume of hydrochloric acid gaa. During the act of 
Eolution the liquid becomes heated, and increases consider- 
ably in bulk. The strongest solution has a ap. gr. of 1'21; 
it fumes strongly in the air, and gives off large quantities of 
the gas at a gentle beat. When the temperature of the 
liquid slightly exceeds 130°, hydrochloric acid and water 
distil over together in constant proportion. The distillate 
has a sp. gr. of I'l, and contains 20'14 per cent, of the gas. 
The composition of the distillate vaiies witb the pressure 
under which it is boiled ; for each pressure there exists a 
corresponding aqueous acid, which distils unchanged so long 
Bs this pressure is maintained. Under the pressure 01 
m., the acid of constant boiling point contains 32-9 per cent 
HCI; under the pressure of I'O m., it contains 19-7 per 
cent. ; and, under the pressure of 2 m., it contains 135 per 
cent. 

The hydrochloric acid of the shops (commonly known as 
muriatic acid or spirit of salt) has genei-ally a yellow colour, 
doe to the presence of chlorine or ferric chloride. It not 
nnfrequonfciy contains sulphurous, sulphuric, and arsenious 
acids, derived from impurities in the oil of vitiiol used in ita 
manufacture. It is a powerful acid, reddens litmus strongly, 
dissolves many metals with loss of hydrogen, and gives rise 
to a series of impoi'tant salts termed chlorides. The strong 
aeid readily suffers electrolytic decomposition, the chlorine 
being evolved from the positive pole, and the hydrogen 
fr'om the negative polej indeed, this decomposition ojffords a 
ready means of demonstrating the composition of hydro- 
chloric acid. 

The elements may be arranged into two groups, depending 
npon the particular polo at which they make their appearance 
during the electrolysis of their compoundf 
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Tho elements which are evolved at the positive poll 
called electro-jiegative elements; those which appear at the 
•negative pole are termed electro-positive elements. There ia, 
however, no absolute line of demarcation between the two 
groups, as they imperceptibly merge into each other. It is 
worthy of note that the stability of a binary chemical com- 
pound is in some degree related to the position in tho 
electroH3hemical series of its components: the more widely 
tliey diverge the greater is the stability, the more nearly 
they approximate the less striking are the manifestations ai 
chemiciU action attending their union, and the more unstable 
ia their combination. " """ 
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144. Combinations of Chloiine with Ozyg^en. 
dii'ect means chlorine may be made to unite with oxygen 
five proportions to form tho following series of compounds: — 

Chlorine Monoxide, CljO. 

Chlorine Trioiida, Cl,Oj. 

By the substitution of hydrogen for a moiety of tho radicals, 
each of these OJcides gives a, conespoading acid, exactly as 
in the nitrogen i 



Kitroua Acid, 

And exactly as no acid ia known corresponding to HjOi, so 
also we find that the next oxide of chlorine, tho chloraie 
tetroxide CljOj, is a neutral substance. We know, however, 
of two acids of the chloroxygen series of which we have not 
obtained the corresponding anhydrides, viz. : — 



145. Chlorine Monoxide, CljO, molecular weight 87. 
This substance was discovered by Balard in 1834, and may 
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be prepared by passing a gentle stream of chloidne over well- 
cooted precipitated mercuric oxide — 

HgO + 2C1, = C!,0 + HgCn,. 
The mercmio chloride combines with a portion of the im- 
attacked oside to form a brown crystalline oxychlorida 
Chlorine monoxide is a yellow gas, heavier than air, and very 
prone to decomposition, especially in presence of sunlight. 
By the application of a freezing mixture the gas may bo 
condensed to an. orange-coloiu-ed liquid, which on the least 
elevation, of temperature explodes, with the formation of two 
Tolumea of chlorine and one volume of oxygen. 

Chlorine monoside is dissolved by water forming hypo- 
cldoToua acid — 

CJsO + H,0 = 2Hao. 
This add may be obtained by the oxidation of hydrochloric 
acid. If air, saturated with hydrochloric acid, be passed 
through a warm solution of permanganic acid, and the liquid 
be then diatilled, hypochlorous acid passes over ; HCl + O 
= HCIO. Hy])Ochlorous acid may also be prepai-eJ by 
passing a stream of chlorine into water containing calcium 
carbonate in suspension — 

CaCOj + H,0 + 2C1, = CO, + 2HC10 + Cadi. 
The aqueous acid possesses a yellowish colour, and a char- 
acteristic ohloroid smell. It gradually decomposes, especially 
if concenti-ated, into chloric acid, chlorine, oxygen, and 
water." The aeid possesses a powerful bleaching action from 
the ease with which it gives up its oxygon; its action is 
indeed twice as energetic as that of an equivalent quantity 
of chlorine — 

' HCIO = Ha + O. 

■ 01, + H,0 = 2HC1 + 0. 

^ For the same reason the acid exerts a powerixd oxidizing 
' effect. Arsenic and iodine are rapidly converted by it into 
iodic and arsenic oxides. The metals act variously with this 
acid; some are converted into oxides with liberation of 
chlorine, others into oxichloridea, and a few into chlorides 
with libera,tion of oxygen. Hydi'ochloric and hypoehioroua 
acids when mixed suffer mutual decomposition with the foi-ma- 
tion of water and fi-ee chlorine ; HOlO + HCl - HjO + Clg. 
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HypocUoroTis acid unites dii-ectly with etAene to form" 
glycoUc ddorhydi-in C^H^ < „, With oil of tw^entine it 

forms a diddorhydrin CjoHjj J L '^ With heraene it fonnt 
ddm-obeiKene and water CoH^ + HCIO = CflH^Cl + TigO. 
By eliminating the hydrogen in hypochlorous acid by varioua 
electro-positive elements a eeries of ealta, termed the ftypo- 
chloritea, are ohtaiaed. Theae BuhsttLnces are very unstable; 
they gradually giye off oxygen, and ai-e conrerted into a 
mixture of clilorite, chlorate, and chloride. Calcium hypo- 
cA/oriie is the best known memberof the series; it is obtained by 
tlie action of water upon bleaching powder or cidoride v/lime. 
This substance, which has the formula CagH^OgCl^, does not 
contain pi-efoi-med hypochlorite, but splits up into calcium 
hydrate, cliloride, and hypochlorite and water — 

Ca^HACli = CiHjO, + CaCIj + CalClO), + 211,0. 
146. Kanafactare of Chloiide of Lime.— This impoi-tant 
Bubstance ia made by treating slaked lime with diy chlorine. 
The gas is generated froai a mixture of manganese dioxide 
and hydrochloric acid, or from manganese dioxide, sulphario 
acid, and common salt. The vessel in which the chlorine ia 
generated is termed the " still;" the receptacles in which the 
lime is placed are called "the chambera," or "receivers," or 
*' condensera." The stills are usually made either of solid 
stone or of stone flags securely cemented together by a mixture 
of tar and china day; the chambers are of lead, stone, ot 
brick, and are of various forms and sizes. In a few localities 
lead iB preferred by i-ftison of the superior cooling action of 
the metal, as a low temperature promotes the formation of 
good bleaching powder; occasion^y composite chambers are 
employed, the bottom being of stone, the sides and top of 
lead. Generally, however, the chambers are built of stone 
flags, and are arranged in rows in a building ventilated to 
allow of a cuiTeut of air to pass between and around them in, 
order to keep the stonework as cool as possible. Occasionally 
the chambers are iitted with shelves, upon which the slaked 
lime is placed to a depth of a, few inches. These sholvea are 
open alternately back and front, so that the chlorine tiuveraee 
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one stelf after another. The doors of the chambers are fitted 
with windows in order that the process may be watched, and 
there ore email openings in the sides to permit of the lime 
being Etirred so as to present fresh surfaces to the gas. The 
choice of lime for the manufacture of bleaching powder is a 
matter of some importance, aa the presence of even small 
quantities of iron gives a yellow colour to the product; the 
oxides of manganese are equally objectionable, as they appear 
to promote the spontaneous decomposition of the bleaching 
powder. The proper hydration of the lime is also of great 
importance ; if too little water be present the lime is mainly 
converted into calcium chloride and chlorate, and but little 
of the bleaching compound is obtained; on the other hand, 
an excess of water retards the absorption of the chlorine, and 
reduces the ultimate strength of the product The quick- 
lime is alaked soon after it is burnt; it is spread on the gi'ound 
to a depth of from 6 inches to 1 foot, and is watered evenly 
over the surface, about 5 gallons of water being usually em- 
ployed for each cwt. of lime. Whea slaked the lime is sifted, 
to remove any lumps, 

We have already stated that attention must be paid to 
the temperature in absorbing the chlorine; if the absorption 
goes on too rapidly, a great amount of heat is developed, and 
much of the lime is converted into calcium chlorate. It is 
necessary, therefore, to conduct the operation slowly, and to 
give every facility for the dissipation of the heat produced 
in the chemical action. The time occupied in saturating 
the lime varies of course with the quantity and the tem- 
perature: li cwt. of lime requires frota 36 to 48 hours, 
although, if the layer is thin, and the chamber cool, the 
absorption is occasionally complete in from 24 to 30 hours. 
The amount of available chlorine in the product varies from 
30 to 39 per cent. 

The constitution of bleaching powder has given rise to 
much discussion. The substance was formerly regarded as 
ft mixtui-e of calcium chloride and hypochlorite; but several 
&ct8 militate against such a supposition. Calcium chloride 
is highly deliquescent, and like most deliquescent salts, it 
is soluble in alcohol; but bleaching powder, when pi-operly 
manufactured, becomes moist only very gradually on ex- 



titj of ftT&iUble chloriite (as IiTpochlor 
be doubled— 

CmCl, + C^aO), + 2C1, + 2H,0 = 2CW3, + 4HCJ0. 

At a slightly elevated temperature diy bleaciing powji 
decomifoeed with separatioa of water and ' 
calcium cMorat£ — 

3C»,H,0,Clj = SCaClj -i- CataOj), + 3CaH,0, + 6H,0. 

'When bleaching powder 18 exposed to mout air, it is 
Blowlf decomposed with the evolution of hypoddormit acid 
hy the action of atmospheric carbon dioxide. On account of 
the powerful oxidiziDg action of the hypochlorous add, 
bleaching powder is extensively used as a disinfectant. Ej 
tax the larger proportion of that manufactured is used finr 
bleaching and clearing. The goods to be bleached an 
dipped in a solution of chloride of lime in water, and then 
in VC17 dilute sulphuric or hydrochloric acid. Chlorine is 
thus evolved, wluch brings about the oxidation of the 
colouring matters. 

Other bleaching compounds are occasionally used, as, for 
example, cliloride of magnesia, chloride of soda or liquor ot 
Labarraque, chloride of potash or water of Javelle (which 
Was the first bleaching agent artificially prepared), and the 
hypochlotites of zinc and alumina. 

147. Chlorine Trioxide — symbol Cl^O,; molecular weight 
llOj density 59-5 — was discovered by M Dion, and maybe 
prepared by heating a mixture of potassium chlorate, nitric 
' acid, and arsenic trioxido. Ohloric acid is liberated and ia 
reduced by the nitrous acid formed by the action of the 
araoiiic trioxide upon the nitric acid — 

2Hi\0, + 2HC10, = 2HN0j + C1.0j 4 HjO. 

According to Biimdau, the substance is more readily ol> 
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tained by tJie actioD of eulphohenzoUc acid upon clilorio acid. 
One part of benzene is dissolved in ton parts of sulphuiic 
acid, previously dihited with ita own weight of water, and 
the solution is heated to 50° with 1'2 parts of pulverized 
potassium chlorate, in a amall flask fumiEhed with a delivery 
tube fitted into ita neck by grinding. On the neck are blown 
two or three bnlba, which are partially filled with water to 
wash the gas. The substanue condenses in a freezing 
mixture to a reddish -b in wn. rnohile liquid of sp. gi". 1-38. 
The liquid is very prone to decomposition, and esplodea at a 
temperature above 0°. The vapour is yello wish-green; it ia 
decomposed by sunlight, and explodes when heated to 
50° — 60°. It ia soluble in water, forioing at first a yellow 
crystalline hydi-ata; 100 parts of water dissolve about 5 parte 
of the oxide. The substance ia gradually transformed into 
chlorous acid, HCIO^, from which a number of imatable salts, 
termed chloriles, may be prepared; these m-o generally 
soluble in water, are ciyatallizable, and poaaesa the property 
of bleaching, 

148. Ohlorine Tettoxide — symbol 01^0^ — was discovered 
by Count Stadion, and may be prepared by the action of 
fltrong sulphuric acid upon potassium chlorate — 

I 3KCI0i + 2HsS04 = Clfi^ + KClOj + 2KHS04 + HjO. 

I Potasaium chlorate and sulphuric acid give chlorine 
tetroxide, potassium perchlovate, potaaaium -hydrogen -sul- 
phate, and water. This gas may also be obtained, mixed 
with carbon dioxide, by heating a mixture of potassimn 
chlorate and oxalic acid to a temperature of 70°. It pos- 
sesses a bright yellow colour, and an aromatic odour. It 
may be condenaed to a liquid in a freezing mixture, and by 
intense cold may be solidified. It ia exceedingly explosive, 
being resolved into free clilorine and oxygen when elightly 
heated. It is slightly soluble in water, bleaches powerfully, 
and is absorbed by alkaline solutions with the formation of a 
chlorate aud a chlorite — 

2KH0 + CljOj = KClOj + KClOi + H,0, 
a reaction analogous to that which occiub with nitrogen 
teti-oxido (p. 201). 

149. Eochloriae is the name applied to the product of the 
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reaction of tyilrochlorio acid upon potassium chlorate. This 
product was formerly supjiosed to be a definite oxide of 
chlorine, but later experiments have proved that it ia a 
mixture; for, on passing the gaa through a freezing mistnre, 
it deposits chlorine teti-oxide, whilst free chlorine ia left un- 
condensed. The reaction may be thus represented — 
8KC10, + 24HC1 ^ 8KCI + 9 CI, + 3C1,0, + 12H,0. 
This mixture of chlorine and chlorine tetroxiJe constitutes a 
powerful oxidizing agent, and is frequently made use of in 
analytical chemistry, especially for the deatiuction of organic 
matter. 

150. Chloric Acid— Symbol HClOa,— This ticid is ob- 
tained by the gradual and spontaneous decomposition of 
aqueous solutions of the preceding oxides. It ia more 
readily prepared in the pure state by the decom position of a 
chlorate by means of dilute sulphuric acid. If barium chlorate 
in solution be mixed with dilute sulphuric acid.-in equivalent 
proportions, the following reaction ensues : — 

Ba 2C10a + H,SO, = BaSOi + HHClOa. 

The liquid decanted from the insoluble baiiiim sulphate, and 
concentrated in vacuo, yields chloric acid aa a colourless, 
Byrupy liquid, of a chloroid smell, and strong acid reaction. 
When concentrated, it ia readily decomposed, and on ebulli- 
tion it is converted into perchloric acid and water with the 
evolution of chlorine and oxygen. From the ease mth 
which it parts with oxygen, chloric acid exerts a powerful 
bleaching action. By the elimination of its hydrogen, by- 
different bases, it forms a series of salts termed chlorates, the 
most important of which ia the potassium chlorate. This 
Bait may be prepared by passing a stream of chlorine into a 
warm concentrated solution of potassium hydroxide — 

GHKO + 3C1, - KCIO3 + 6EC1 + 3H,0. 
Potassium chlorate is but sparingly Holuhls in water; by 
tjoncentrating the solution, the greater portion of the salt 
separates out, and, by repeated crystallization from water, it 
may be obtained free from admixed chloride. 

Potassium chlorate is now generally made by the decom- 
position of calcium chlorate, by means of potassium carbonate 
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or EulpLato. To form the calcitim ciloratc, milk of lime is 
heated to 65 and is poured mto a stone vessel fitted with 
1 hollowed < 



m^ ' 



iD^ert«d ahillow 
pisses under the shelf c I \ 
means of an earthpnwire pi] 
and there spreads ttsi,lf out int 
a thia lajer which is rapiilh 
absorbed by the nulk of lim 
The excess of the gas paaie 
throuj,li the hole d to the under. 

Bide of the shelf e along -whichi 

It makes its wav it is only to- 
wards the end of thepioeess that nny chl in ^ s tin u^li 
/ The limt is kept m suspensiOQ by an v''titoi whtn the 
process is at an end, the whole of the lime will be dissolved. 
The success of the operation depends upon the complete 
Bolutionof the lime: so long as this remnina nndiasolved, 
calcium hypochlorite is formed. Potassium sulphate is then 
added to the solution, and after standing it is concentrated 
nntil it has a sp. gr. of 1-32, when it is mn into coolers to 
crystallize. The crystals are purified by successive recrystal- 
liiations, until they are free from potassium chloride. 

Potassium chlorate crystallizes in anhydrous Eis-sided 
plates, which often attain to a considerable siae. Water dis- 
solves only 3'3 parts of the salt at 0°, and 6'03 parts at 15°. 
It is insoluble in alcohol. Kespecting its decomposition by 
heat, see p. 63. 

The applications of potassium chlorate depend on the 
facility with which it parts with oxygen. When triturated 
with sulphur or phosphorus in a mortar, it produces a sharp 
explosion. Antimony teraulphide takes fire when pulverized 
with the Bait. The substance is extensively used in the 
manufacture of fireworks and lucifor matches, The composi- 
tion employed in percussion caps consists of potassium 
chlorate, 26 parts; nitre, 30 parts; fulminate of mercury, 12 
parts; sulphur, IT parts; ground glass, 14 parts; gum arahie, 
1 part. Attempts have been made to substitute potassium 
chlorate for nitre in the manufacture of gunpowder, but 
without success. The salt is also used to some ojctenb \iy 
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the calico printer for heiglitening (Jio uitenaity 
colours. 
151. Perchloric Acid^Symliol HCIO^. This eubstauco 
13 discovered by Stadion, but its properties and deriva- 
tives have been mainly studied by Sendlas and Hoscoe. 
It may be obtained (1.) By the electrolysis of chloric 
flflid; (2.) By boiling chloric acid; (3.) By the action of 
sulphuric acid upon the chlorates; and (4.) By the action of 
Bulphnrio acid upon the perchlorateB. The aqueous acid may 
be concentrated by boiling in a retort until it acquires a tem- 
perature of 103", ^vllen it distils over as an oily hydrate, 
containing 703 per cent. HCIO,. The pure acid may be 
obtained by redistilling tliia product with strong sulphuric 
acid, as a colourless, oily, volatile liquid of Bp. gr. 1-783, 
which fiimes strongly in the air. It is an exceedingly powerful 
oxidizing agent, and sets fire to charcoal, paper, and otlier 
organic substances. It attacks the skin, producing very 
painful wounds, and when dropped into water it hisses like a 
aot iron. Its aqueous solution reddens litmus strongly, but 
exerts no bleaching action. It rapidly acta on zinc and iron, 
evolving hydrogen, and forming the perchloraWs of those 
metals. 

The perchloratea are, with the exception of the potaaaium 
salt, very soluble and deliquescent. This salt is indeed one 
of the most insoluble of the potassium compounds; pei^ 
chloric acid has been proposed as a means of separating 
potassium from sodium, ammonium, &c. 



1S2. Bromine — Symbol Br; atomic weight 80; density 80. 
—This element was discovered by Balai-d iu the mother 
liquors of certain salt marshes in the south of Prance. It is con- 
tained in sea water and in the water of many mineral spiingB, 
in combination with calcium and magnesium. It ia found 
in kelp, in sponges, and in many marine animals. Native 
bromide of silver occurs in Chili and in Mexico, and con- 
Btitutea an ore of that metal. The magnesium and calcium 
bromides being highly soluble salts, remain in the solu- 
tion obtained by concentrating sea or mineral watei-B. By 
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padding sulphuric acid and mangiinesii dioxide, tlie salts are 
I decomposed ■with formation of free bromine. On gently 
heating the solution the bromine volatniEea, and may be con- 
densed in a weU cooled receiver. The accompanying -water 
dissolves about 3 per ceut, of bromine, -which may be ex- 
tracted by agitating the liquid with ether or carbon bisulphide. 
On decanting the Bolution, rendering it alkaline -with caustio 
potash and distilling, the ether may be recovered ; the solution 
containa a mixture o£ bromide and broraate. By evaporating 
the liquid to dryness, and igniting the I'esidue, the substance 
ia wholly converted into potasaiura bromide. A simpler 
f method of obtaining bromine from kelp -will be described 
■ tinder Iodine. 

Bromine ia a dark-red liquid of an exceedingly irritating 
odour, whence its name from ^pCjLot, a stench. It is very 
poisonous, and rapidly attacks organic matter. It is 3'187 
times heavier than water, boils at 59'S°, under a pressure of 
751 tft-ni., and solidifies at - 24-5 to a reddish-brown crystal- 
line mass. If a tube partially filled with bromine be heated 
h above a. certain point, the whole of the bromine becomes 
: quite opaque, and the tube has the appearance of being filled 
with a dark-red opaque resin (Andrews). The solution of 
bromine in water has a brownish-red colour; the amount of 
the halogen dissolved decreases -with the temperature; at 5° 
■the liq-uid takes up 3'6 per cent,, and at 30° 3'126 (Dancer). 
A saturated Bolution has a density of 1 -OSi, On cooling this 
Bolution, bromine hydrate Br^IOHjO separates out; this sub- 
stance ia possessed of considerahle stability, even at ordinary 
temperature. Bromine water is frequently employed ia 
analysis as an oiddizing agent; its oxidndng action is due to 
its affinity for hydrogen; on this account the aqueous solution 
is slowly decomposed with formation of hydrohromic acid. 
This decomposition is gi-eatly increased by passing a misture 
of bromine vapour and steam through a red hot tube. 
I Bromine attacks organic substances, such as cork, starch, 
I the skin, toi., staining them yellow. In its general chemical 
[ deportment bromine strongly resembles chlorine; it gives rise 
Wto a variety of oi^anic and inorganic compounds, which in 
ir constitution and main properties are strictly analogous 
a tike corresponding chloiidea. 
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133, Sfdrobromic Aoid. — Symbol HBr; molecular weight 
81; density 40.5. — Although bromine itnitea with hydrogen 
it does not manifest the intense aifinity for that gas which ia bo 
characteristio of chlorine. Bromine gas and hydrogen mixed 
in equal volumes maybe exposed to the action of direct sunlight 
witLout explosion. A lighted taper may even be thrust into 
the mixture without any great amount of combination occur- 
rhig, but union rapidly occurs on passing a aeries of electjio 
Bpai'ks through the mixed gases, or on sending them through 
a red-hot tube. 

Hydrobromic acid cannot readily be obtained by the 
action of sulphuric acid upon sodium or potassium bromide, 
since the pi'oduct is contaminated with free bromine and 
sulphur dioxide, I'esulting from the action of the hydrobromic 
acid upon the heated aulphurio acid — 

(1.) 2NaBc + HsSOi = K»sSO. + 2HBr. 
(2.) 2HBr + HjSO. = Br, + SO, + 2HjO. 

Hydi-obromic acid, in solution, may readily be prcpaj-ed by 
feeating bromine water with sulphuretted hydrogen — 
5Br, + 2 Hi3 + 41L,0 - lOHBr + HjSOi + 8. 

The liquid ia filtered from the pi-ecipitated sulphur, and is 
distilled from the sulphuric acid. 

Hydrobromic acid gas may be most advantageously pre- 
pared by the action of bromine on phospliorus suspended in 
water. One part of amorphous phosphorus ia suspended in 
J5 parts of water, and gradually mixed with 10 parta of 
bromine. The following reaction ensues: — - 

P, + 5Cr, + en^O = lOHBr +2P0,H3. 

Bromine, phosjihorus, and water give hydrobromic and phos- 
phoric acids, Hydrobromic acid gas may also be easily ob- 
tained by dropping bromine upon paraflin heated to 150°. 

Hydrobromic acid is a colourless gaa, which fumes strongly 
in the air, and excites violent coughing, from its irritabla 
action on the fauces and air passages. It may be condensed 
to a liquid at — 69°, and may be made to solidify at — 73°, 
A fragment of potassium introduced into the gas decompoaea 
it immediately, even in the cold, forming potassium bromide, 
and liberating half a volume of hydrogenj the gas ia there- 
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fore made up of 1 vol. of bromine and 1 toL of Iiydrogcn, 
united without condensation. Chlorine instantly decomposes 
the gas, eliminating the bromine; ita aqueous solution is 
decomposed, in like manner, by chlorine. Iodine, however, 
is without action upon it. Metallic peroxides also decom- 
pose it exactly as in the case of hydrochloric acid. 

Hydrobromic acid is rapidly absorbed by water; the 
strongest aqueous acid which can be obtuincd, boiling at a 
constant temperature under the ordinaiy pressure of the air, 
has a sp. gr. of r49, and contains 48-17 per cent. HBr; it 
fames strongly in the air, and boils at 126°. (Eoscoe: 



154- OiiacidB of Bromine. — No oxide of bromine has yet 
been isolated, although tliree oxiacids have been obtained — 
TiK., bydrobromouB, bromic, and perbromic acids, correspond- 
ing to hypocblorouH, chloric, and perchloric acids. 

155. Hypobromoua Acid. — Symbol HBrO.— The existence 
of this substance was inferred by Balard from the observation 
that bromine formed bleaching liquids corresponding to the 
hypochlorites with solutions of the alkalies and alkaline earths. 
A bleaching compound was also obtained by him by agitating 
mercuric oxide with bromine water; this body could be 
distilled in vacuo, and gave reactions similar to those of hypo- 
chlorous acid. These observations have been confirmed by 
Dancer, who has moreover shown that the same compound 
may be prepared by adding bromine to silver nitrate solution; 
half the bromine is precipitated as silver bromide, the other 
half remains in solution as hypobromous acid. Under a 
pressure of 5 cm. hypobromous acid may be distilled at 50°; 
it is a straw coloured liquid of an acid reaction, it bleaches 
strongly, and decomposes when heated above 60°. 

156. Bromic Acid, HBrO„ ia the best known of the oxiacids 
of bromine. It may be obtained by methods similar to those 
employed for tlie preparation of chloric acid. It may also bo 
prejjared by passing a stream of chlorine through bromine 

Br, -^ 5C1, + 6n,0 ~ 2HEr03 + lOHCl 
Potassium bromate may readily be prepared hy passing 
bromine vapour into a solution of potassium carbonate pre- 
viously saturated with chlorine gas. On heating the Bolulion 






and mixing it with silver nitrate tlie sparingly soluble silver 
bromatfl is precipitated. If this salt be suspended in water 
and treated with bromine, silver bi-omide and bromic acid are 
obtained in accordance with the equation — 

5AgBrOj, + 3Br, -i- 3H,0 = 5AgBr + 6HBrOj. 
Bromic acid solution has a Strang acid reaction; it reddens 
litmus paper and ultimately bleaches it; at 100° it is decom- 
posed into bromine and oxygen. The majority of the 
bromates are soluble, crystallizable salts; those of the alkalies 
are rapidly decomposed on heating into bromides and oxygen, 
without the intermediate formation of perbromates. 

157. Perbromic Acid, HBrO^, may be obtained by the 
action of bromine upon perchloric acid. It ia a colourless, oily 
liquid, which is not reduced by sulphurous or sulphydiio 
acids. Indeed this substance appears to be the most Eitable 
of the oxiacids of bromine. The potassium salt is more solu- 
ble than the coireaponding perchlorate. The barium and 
silver salts, unlilte the bromates, are soluble in water, and 
crystallizable. 



158. Iodine— Atomic weight 127; density 127. — This 
olometit was discovered in 1811 by Courtois in the mother 
liquor of kelp. In attempting to prepare nitre from the 
potash salts in the solution obtained by lixiviating this sub- 
stance, Courtoia observed that the copper apparatus was 
often attacked to a remarkable extent. This corrosive action 
he found to be due to an hitherto unknown substance, 
characterized by a beautiful violet-coloured vapour. 

Iodine is never found free in nature; it exists principally 
in combination with potassium, magnesium, and calcium. 
It is very widely distributed, although it is seldom present in 
large quantity in any one spot. It has been found in certain 
zinc ores, and also in combiuation with silver and mereniy. 
It may be detected in many dolomites and Hmestonea. The 
sal-ammoniac contained in volcauic exlialations is occasionally 
mixed with ammonium iodide. Chili saltjietre often contains 
iodine, ^d this substance may sometimes be detected in the 
nitric acid prepared from this salt. The medicinal value of 
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»ny mineral ■waters is saiJ to be diia to the iodides which 
Kfiiey contain. The mineral springs of Bonnington in Scot- 
■ lamd, and those of Bath, Cheltenham, and Leamington in 
^ ir.d, contaon iodides of potaaaium, sodium, or magnesium. 
Sea water constitutes the great source of the iodine of com- 
merce; it appears to exiBt therein as calcium iodal«, the 
amount of which, however, according to Sonstadt, does not 
exceed 1 part in 250,000 parts of water. Marine plants have 
the power of afisimiiating the iodine, and on incinerating them, 
this substance remains in the ash as alkidine iodide. The 
quantity of the iodine contained in the various sea plants ia 
by no means unifoi-m, as the following dctenniaatioua by 
Stanford prove ; — 
100 parts of dried laminiria digitata contiia 0'47 parte of iodine, 
100 „ „ saocharina „ 0-16 „ 

100 „ fucus vesicubaQB ,, O'Ol „ 

W 100 ,, „ nodosuB ,, O'Ol „ 

' The ash or kelp from sea weed collected ou the coasts of 
Scotland and Ireland contoins the largest proportion of iodine. 
Various marine animals also contain iodine, aa, for example, 
the common sponge, the liorse sponge, various species of 
Tubularia, oysters, herrings, ic Cod liver oil ia said to 
contain about 0'04 per cent, of iodine. 

On the western and northern shores of Scotland, and on 
the adjacent islands, the collection and incineration of sea 
"weed give employment to a largo proportion of the popiUa- 
tion. In Scotland the weed ia cut from June to September; 
it is spread out along the shore to di-y, and is then burnt iu 
shallow kilns. The combustion is regulated so that the toaas 
of the ignited weed never actually bursts into flame, and care 
is taken to prevent the ash fusing until near the end of the 
opemfcion. As soon as the greater jwrtion of the carbonaceous 
matter ia burnt away, the ash is raked together when it fuses, 
and forms a cake at the bottom of the kiln, technically known 
as a " floor," which varies from 3 to C inches in thickness, 
and the fused mass is broken up by throwing water upon it 
The most valuable kelp is made from the laminaria digitata-, 
which, when of good quality, yields fi-om 10 to 15 lbs. of 
iodine per ton. 

Thei-e are a number of disadvantages connected witlj this 
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method of incinerating the weeds. The high temperature 
the burning mass occasions loss of iodine and of potash (one oi 
the most valualilo constituents of the kelp), and the crude 
manner in which the weed ia burned leads to admixture, and 
even to direct adulteration, with clay, sand, &o. The kelp burner 
can only work during the summer months, and consequently 
the winter supply of weeds ia. neglected. The weeda 
obtained in winter consist principally of deep sea a!g», torn 
up by storms, and contain iodine and potash in largest 
quantity. Mr. Stanford has improved the process by drying 
the weeds under cover, compressing them into cakes by 
hydraulic pressure, and heating them in iron retorts at a low 
red heat. Gas of coaaiderable illuminating power is given 
off, which is collected in gasometers, and utilized as a source 
of heat, and a quantity of ammonia ia formed which condenses 
in the aqueous portions of the distillate. The charcoal in the 
retorts contains the whole of the iodides and potash salts, 
which are extracted by lixiviation with wat«r. This char- 
coal also contains about 20 per cent, of earthy phosphates, 
and posaessea considerable disinfecting and decolorizing 
properties. 

The solution is run into evaporating pans and concentrated, 
and the potassium sulphate which crystallizes out is removed 
by means of perforated ladles. When sufficiently concentrated, 
the liquid is run into cooling vats, when potassium chloride 
separates out. The mother -liquor, containing all the iodides 
and bromides, is mixed with oil of vitriol, and after standing, 
is transferred to the iodine still (fig. 92). This apparatus 
consists of an iron still, suiTounded by brick work, and fitted 
with a movable leaden cover, which can bo lifted by means 
of a chain worked from a winch placed at the end of the row 
of stills. To the cover of each still are fitted two leaden pipes 
a a, each connected with a series of condensers, one of which 
ia shown separately at A. After the introduction of the 
liquor containing the iodine and bromine, the covers axe luted 
with clay, the pipes a a are fitted into their receptacles, and 
connected with the condensers. Manganese dioxide ia thrown 
into the still through the hole h, which can be closed by a 
stopper. The stills are heated by separate fires; the iodine 
condenses in the receivers, and the accompaoying water 



are of | 



INORQANIG CnEMlSTEY. 

escapes througli a tubuliis at the bottom of each receiver 
(seen in A), and nma away along the channel C. 

When no more ioiline distils over (which can be deteiv 
mined by opening the stoppers b a, placed in the leadon pipes 
a a), the pipes a a are remoyed, and the still is connected 
wiUi the main pipe B. More manganese dioxide is added, 
when the bromine is evolved; it is condensed in a letiden pipe 
coiled in the trough D D, and in the series of condensers E E, 
from which it is diuwn off, and without fuiiher pm-ification 
seat into the market 

The following equation represents the reaction of the man- 
ganese dioxide upon the acidulated liquid :— 

2HI + MuO, + HjSOi = MnSO, + 2H,0 + U 
The iodine may he partially purified by resublimation; it 
IB placed in large stoneware bottles, surrounded by 
Btefim OF boiling water, and connected by a leaden pipe 
with receivers, in which the vapours ai'e condensed. Simple 
resublimation is not sufficient to effect the complete parifica- 
tion of iodine; as sent into commerce it invariably contains 
more or less chloride, and bromide, and cyanide of iodine. 
The quantity of the latter substance is occasionally as high as 
30 per cent. 

At ordinary temperatures iodine is a solid, cryatalliEing in 

rhomboidal plates of a greyish-black colour, and possessing a 

lustre resembling that of graphite. In thin leaves the crystals 

are transparent, and appear of a deep red colour; their specific 

gravity is 4'95. Iodine melts at 107°, and boils at 175°, but 

it volatilizes slightly at ordinary tempemtures. Its vapour 

generally appears to be violet, whence its name from (on — 

Tiolet; but in reality it is dichroic. Its colour is due to ito 

r of transmitting the red and blue rays of the spectrum, 

\ Bud absorbing the green rays; if, however, the iodine 

I -rBpour be sufficiently dense, the red rays are also arrested, and 

1. the vapour appears of a blue colour (Andrews). Iodine gives 

Itho heaviest vapour known; it is 127 times heavier than 

fliydrogen, and more than 8J times heavier than air. 

T Iodine dissolves but sparmgly in water (1 part in 7,000 of 

L water); but it is i-oadily dissolved by alcohol ether and carbon 

Its solution in the latter liquid exhibits the 
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diohFoism of the vflpour. Its colour appeara to be purple or 
blue by tranamitted light, accoiiiiDg to ita richneaa in iodine. 
The alkaline iodides also disEolvo iodine in large quantity. 
If a strong Bolution of iodine in potassium iodide ia mixed 
with water, chemically pure iodine ia precipitated (Stas). 
Lugol'a solutioa is made by dissolving 20 grains of iodine ia 
30 grains of potassium iodide contained in an ounce of water. 

Iodine is used in medicine as a tonic, and by virtue of its 
peculiar action in effecting the absorption of glandular 
Bwellinga. Wben swallowed in quantity it causes death 
from ulceration of the mucous membrane of the stomach. 

Iodine foi-nia an exceedingly characteristic blue colour with 

starch. Thia reaction is so delicate that 1 — pai-t of 

iodine may be detected by means of etarcL The nature of 
tlie blue substance is but imperfectly understood. It appears 
not to be a de£uit« chemical compoimd. The iodine and 
starch pi-obably stand to one another in a relation similar to 
that in which the colouring matters of lakes stand to the 
inorganic materials employed to pi-ecipitate them. On 
heating the blue liquid to 80° it ia decoloilzed; the colour, 
however, reappears as the solution cools. 

159, Hydriodic Aoid— Symbol HI; molecular-weight 128; 
density G4. — Iodine and hydrogen do not combine at the 
ordinary temperature; but, on volatilizing iodine in a stream 
of hydrogen, and heating the mixture to i-edness, hydriodic 
acid is readily formed. The two substances may be made to 
unite under the infiuence of spongy platinum. Hydriodic 
acid gaa may easily be made by the action of water upon a 
mixture of iodine and amoi'phous phosphorus. 
P, + 51, + 5HjO = P,Oj + lOHI. 

It is a coloui-less gas, which fumea sti-ongly in the air, and 
' reddens litmus. It is very soluble iu water, but may be 
collected over mercury. It is incombustible, and a non- 
supporter of combustion. By the application of cold and 
pressureit may be liquefied; andat — 51° it solidifies to a clear, 
transparent, ice-like mass. When mixed with chlorine or 
bromine, the gas is immediately decomposed with separation 
[<'of iodine. 

2HI + CI, =Ia+2HCa. 
10.— TOL. I. a 
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Sulpbor dioxide and hydriodic add, yrh&a mixed fa 
sufler mutoal decomposition. 

80, + 4HI = 2H,0 + 8 t 2Iy 
The aqneons solution of the gas is now frequently e\ 
in cbemlciU reseai-ch; it may be conveniently prepitred hj 
means of ihe apparatos seen in 
6g. 93. The flask a contains the 
mixture of red pliosphoms and 
iodinej the water is added in small 
qti&ntities at a time through the 
^p funnel b. The fiask is con- 
nected with the tubulus of the 
i-etort c, the neck of which dips 
beneath the surface of water con- 
tained in the WoulTs bottle d. 
Thia arrangement prevents the 
possibility of the water employed 
to absorb the gaa rushing over 
into the flaak. The solution may- 
be obtflined by passing a 
im of sulphuretted hydrogen 
into watercootaining finely divided 
*T f:-~ " ^ ^ iodine; in a short time the hydrio- 
Kg. 93. die acid formed dissolves the re- 

mainder of the iodine, whereby the reaction is con^der- 
ably accclerat«d. On distilling the solution, perfectly purs 
hydi'iodic acid is obtained. The strongest hydriodic add 
solution which can be distilled under the ordinaiy pressure of 
the air boils at 127°, and has a specific gravity of 1'67, The 
concentrated acid fumes strongly in the air, and gradually 
becomes bi-owii from separation of iodine. 




160. Combinations of Iodine and Oxygen. — Two osiacida 
of iodiiiB ai-e known, viz., iodio acid, HIO3, and periodic 
acid, HIO^, but only one of the coiTesjioiiding anhy- 
diddea, viz., IjOj, has been prepared. An acid analogous 
b3 hypochloroua acid apiicni-s to exist, although all 
attempta to isolate it have bitliei-to failed. It appcara to bo 



produced in combination witli potussium wLon iodine is 
added to a solution of potaah, flie formation, of potassium 
iodate being preceded by that of the hypoiodite, as in the caae 
of chlorine. The Bait is oven more unstable than the hypo- 
chlorite, and is quickly resolved into iodate and iodide. 
(Schonbeiu; Lenssen and Lowenthal.) 

161. Iodic Add. — HIOj; molecular weight 17G. — Sodium 
iodate occurs naturally, associated with sodium nitrate 
in Chili saltpetre, and iodic acid is occasionally found in 
nitric acid vhich has been prepared from this salt. lodio 
acid is also formed in the electrolysis of aqueous hydriodio 
acid, or of water containing iodine in suspension. It may 
moi-e readily be obtained by the action of strong nitric acid 
upon iodine, or by passing a stream of chlorine into water 
containing finely divided iodine — 

I, + 5C1, + 6H,0 = lOHC! + 2HI0a. 
Iodic acid crystallizes in transparent six-sided tables, which 
are very soluble in water. The solution reddens litmus, and 
then bleaches it. It has no action upon starch, but by tlie 
cautious addition of certain deoxidizing agents iodine is 
elimiaated, whioli imparts a blue colour to starch. An excess 
of the reducing agent in certain cases destroys the colour irom 
theform&tion of hydriodio acidj tLus, in the case of sulphurous 
acid — 

I, + HjSOj + H,o = am + H^o,. 

Iodic acid is I'educed by morphine, with formation of iodine. 
This reaction is occasionally used as a test for tlie alkaloid. 
The solid substance suspected to contain morpliine is moistened 
with a solution of iodic acid, and mixed with starch liquor, 
when a blue colour will be produced if the alkaloid be 
present. 

Iodic acid, heated to 130°, parts with a quantity of water, 
and is converted into the compound I^O^.HIOg. If this be 
heated to 170° it is completely resolved into iodine pentozide, 
IgOj. At a still higher temperature the anhydride is decom- 
posed into oxygen and iodine. When dissolved ia water 
tbrms iodic acid. 

Iodic acid is monobasic, and forms a series of well defined 
and stable salte, the greater number of which are insoluble 
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in water. The alkaline salts especially have a great tendency 
to unite with the ijcntoxido. Other three potassium iodatea 
are known, viz. : — 

Normal Potaaaium TocUta, KIOj. 

Potaaaimn Di-iodate 2KI03 1,0,. 

Potaasinm Tri-iodate, 2KI0j 21,0,. 

Analogously constituted aodium compounds have beea ob- 
tained. 

Silver iodate is wiite, insoluble in water and nitric acid, 
readily soluble in ammonia. The solution, mixed with 
sulphurous acid, gives a yellow precipitate of silver iodide. 
The salt is decomposed by hydrochloric acid, with formation 
of silver chloride, iodine chloride, and free chlorine. Barium 
iodate, 2BaIO<,HjO, is also sparingly solubio in water and 
nitric acid; it is readily decomposed by hydrochloric acid, 
with formation of a dark-yellow coloured solution. The 
alkaline iodates are decomposed when heated with elimina- 
tion of the whole of the oxygen and formation of iodides; the 
salts of the heavy metals, as those of zinc and iron, form 
uxidea when ignited, iodine being expelled. 

162. Periodic Acid— HIO^; molecular weight 192. — 
riiia acid cannot be obtained by heating the alkaline iodatea, 
as in the case of the corresponding chlorine compound, 
since these salts are directly converted into iodides without 
the intermediate formation of periodates. Periodic acid ia 
most readily prepared by adding 1 part of iodine to 7 paria 
of sodium carbonate dissolved in 100 poiiis of water, heating 
the liquid, and passing a stream of chlorine into it iintil the 
formation of the sparingly soluble disodiam periodiatc ceasea. 
The precipitate ia dissolved in nitric acid (free from nitroua 
fccid), and mixed with silver nitrate, heated, concentrated, 
until mono-silver periodate AglO^ crystallizes out By treat- 
ing this compound with cold water it gives up half its acid, 
forming diargentic periodate; the solution yields periodic acid 
on concentration. It forms colourless ciystals of the com- 
position HIO^SHjO. They melt at 130", and at a somewhat 
higher temperatui-e are resolved into iodine pentoxide, oxygen, 
and water. Neither the heptoxide, IgOj, nor the mono- 
hydi-ated acid, HIO^, is known. The basicity of ^leriodic acid 
ia not yet definitely established. Many of the jicriodatua 
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appear to hava a very complicated constitution. The com- 
position of a few of tte principal salts is given below — 

Normal Potassium Periodato KIOj. 

Tetra-potawlnm Periociato, KJ,Oj + SHjO. 

Kormal Silver PeriocUte, AglOj. 

Tetra-argentio Periodate AgJjOj, 

Fenta-argentio Periodato, Ag,IO,. 

Di-barium Periodate Ba.IJOg + 7HjO. 

Ifarmal Calcium Periodate, CaljOg. 

D£-oaldmn Periodate, CaXO, + 9H,0. 

Deca-mercBTOBB Periodate, HguIjOj]. 



COSIBI NATIONS OF THE HALOGENS WITH OSB ASOTHZB, 



163. Chloride of Bromine.— Bromine rapidly absorbs 
chlorine, ami forms an orange-coloured highly volatile liquid, 
the eicaot composition, of which is unknown. It dissolves in 
water, and on strongly cooling the solution a crystalline hydrate 
of bromine chloride separates out. It molts at 7°, and is de- 
composed by exposure to eimlight, or more quickly by 
alkaJies with formation of hydrochloric and bromio acids. 

164. Iodine Monochloride, ICl, may be obtained by the 
direct union of its elements, or by heating iodine with 
potassium chlorate, 

I, + 3KC1O3 - Kao. + Kio; + Ka + 0, + ici. 

It is a highly volatile, dark-red, oily liquid, which congeals 
■when touched with a solid substance to largo red ti-ans- 
parent prisms; the solid modification melts at 25^, and boils 
at about 101°. It deliquesces in the air, and is gradually de- 
composed by water; it gives no blue colour with starch; with 
■aqueous ammonia it yields iodamide. It forms crystallizable 
compounds with the hydrochlorides of many vegeto-alkaloida. 

Iodine trichloride, ICtg, is prepared by heating iodic 
anhydride in dry chloride of hydrogen; the iodic anhydride 
liquefies and is converted into iodine trichloride, which 
solidifies in long orange-yellow needles — 

I,Oj + lOHCl = 2IC1, + 5H,0 + 2C1,. 
It molta at 25° — 30°, and gives off chlorine gas, which it 
reabsorbs on cooling. It has no action on starcti. 
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165. Iodine Tetrachloride, IClj, ia said to be formed by 
tlie spontaneous deconiposition of the monocUoride, 4IC1 = 
IClj + I3; it ia Bolid, and crystallizes in octahedra. 

Iodine pentactloride, 101^, is also said to exist. 

Iodine bromides, IBr and IBrj, are believed to exist; tbo 
former is a solid substance, the latter a liquid. 

Tbe combinations of the halogens among themaelvea are 
exceedingly indefinite; they illustrate in a. remarka,ble 
manner the fact that the comjwinnds of elemants which closely 
approximate in the eleotvo-ohemidil seiies are of a very un- 
stable character. From the ease, however, with which they 
decompose, they often set up chemical reactions when the 
elements singly are inactive. Thus carbon tetrabromide is 
only formed when the carbon bisulphide ia heated with 
bromine in presence of iodine, — i. e., with iodine bromide. 
The bromination of many hyditicarbona is often greatly 
facilitated by the presence of a small quantity of iodine in 
the bromine employed. 
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166. Nitrogen Terchloride (NCI3I), discovered byDulcmg 
in 1812, may be prepared by the action of chlorine upon a 
Holution of sal-ammoniac— NHjCl + SClj = 4HC1 + NClg. 
This mode of formation has already been mentioned (see 
nitrogen, p. 165). The compoimd may also be obtained by 
suBpendhig a piece of ammoninm chloride in a solution of 
hypochlorous acid— HH^Cl + 3HC10 = HCl + NClj -1- 
3EL0. 

This substance is a limpid, yellow, highly volatile oil of 
ap. gr. 1-65. It is readily deeom^iosed with a violent ex- 
plosion at a gentle heat, or when mixed with fat, or with 
many other organic substancea. On account of its extreme 
instability, it has not been thoroughly examined. Accord- 
ing to aevei-al observers, it would appear to contain 
hydrogen. Gladstone assigns to it the composition — 

The corresponding bromine compound may be obtained by 
the action of potassium bromide upon the tei-ohloiida ' ' 
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a heavy, dark-red, and esceedingly unstable liquid, which 
explodes -riolently in contact with phosphorua, oil of turpen- 
tine, kc. These aubstancea are, in all probabOity, formed by 
the gradual replacement of the hydrogen in ammonia by 
the halogen — 

NH, NH,a NHClj NCI3 

167. lodamideB. — These compounda may, in like manner, 
be regarded as amiuonla, in which more or less of the hydro- 
gen has been replaced by iodine. Tliey are prepared by 
digesting iodine in aqueous ammonia, or by adding a Ina'go 
excess of alcoholic ammonia to aa alcoholic solution of iodine, 
and then diluting with water, or by adding potassium iodide 
to the ao-called chloride of nitrogen. They are brownish- 
black powders which decompose with explosion when heated 
or when touched with a solid body. When moist, they 
slowly decompose, fonning iodic and hydriodic acids and 
nitrogen. The two aoida are then mutually decomposed, with 
formation of water and free iodine — 

I mOj + 5HI = 3H3O + 3Tf 

' In presence of excesa of ammonia this decomposition in 
retarded. 

168. lodammonium (NHjI 1). — This body was prepared 
by Millon, by the action of ammonia gas upon iodine. Dry 
iodine absorbs about 9 per cent, of ammonia gas, and forms 
a viscid black liquid of a metallic aspect It dissolves in 
alcohol, and is decomposed by water, with formation 01 
ammonium iodide and di-iodamide — 

2NH3I = NHjI + NEjI. 

169. lodammonium Iodide, NHJg = NH3I.T., was ob* 

tMined by Guthrie by adding finely jiowdered iodino to a 
Batui'ated solution of ammonium carbonate or nitrate mixed 
with potaah. It forma a browniah-black, mobile liquid, which 
decompoaes on heating into iodine and iodammonium. It is 
decomposed by water, with separation of iodine, nitrogen, 
ammonium iodide, and di-iodamide, which explodes spon- 
taneously as it ia formed. The aubstance dissolves in alcohol, 
ether, chlorofonn, and carbon bisulphide without decom- 
. position. 
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tryl Chloride, K0„C1, is obtained by tho action 
si-yl tricliloride oq silver nitrate. It ia a light 
whicb boila at 5°, and remains liquid at — 31°. It 
decomposed by water with formation of nitric and hydro- 

Hitroayl Monochloride, NOCl, is formed by the 
direct iinion of niti-ogen dioxide, and chloiine. It is a deep 
oi-ange-coloured gas, wliich condenses in a fveezing mixture to 
a red fuming liquid, and is decomposed by water with forma- 
tion of nitrous and hydrochloric acids. It does not attack 
gold or platinam, but is readily decomposed by mercury, 
forming calomel and nitrogen dioxidej 2N0C1 + Hgj = 
2N0 + HgjClj. It ia also obtained by the mutual action of 
nitric and bydrocbloric iwids (vide infra). 

172. Hitrosyl Diohloride, NOCla, is formed by gently 
heating a mixture of 1 part strong nitric acid with 3 parts 
hydrochloric acid. By passing the evolved gases through a 
tube cooled by a mixture of ice and salt, the nitrosyl chloride 
condenses, whilst the free chlorine which is simultoneously 
formed escapes. 

Nitrosyl di-chloride is a clear, red, fuming liquid which 
boila at — 7°, producing a deep yellow vapour. It ia decom- 
posed by water with formation of nitric, nitrous, and hydro- 
chloric acids — 

2N0CI, + 3H,0 = NOjH + NOaH + 4IICL 

It docs not act upon gold or platinum. 

173. Aqua-Rogia, or Nitrotydrochloric Acid, is foi-oied by 
adding I part of nitiic to 3 parts of hydrochloric acid. Tho 
misture quickly becomes yellow, and eventually orange red, 
and evolves nitrosyl chlorides and fi-ee chlorine. This mix- 
ture of acids derives its name of aquorregia from its power of 
dissolving the noble metals, gold, platinum, and tho so-called 
platinum metals, which are unattacked by either of the acids 
seiiarately. Its solvent effuct is due to the formation of 
nateent chlorine, and not to the nitrosyl chlorides, which are 
irithout action upon the metals (^ide aupra), Aqua-rogia is 
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frequently used in analytical chemistry, by reason of ita 
powerful oxidizing action : many organic compounds are com- 
pletely destroyed by it, and the greater number of sulphides 
are converted into sulphates or chloridea when heated with it. 
'.tryl or nitroajl bromides or iodidca are known. 






CHAPTER XI. 

COMBINATIONS OF THE UALOOENa WITH CAltUON. 

Chlorine does not iinitc directly with carbon, but several 
combinations of the elemente may be obtained by indirect 
means. We have already seen that when a mixture of 
methane, CH^, and chloiine is exposed to direct eunlight, 
hydrochloric a«id is formed, and chlorine replaces the elemi- 
nated hydrogen atom by atom, forming the following serieB 
of compounds ; — 
[ CH,. CHjCl. CHjCV CHClj. CCl^. 

174. Carbon Tetrachloride CGj (Perddorinated Methyl 
C/doride, Perchlorofomiene). — This auh&tanoe was discovered 
by Eegnault, and may bo obtained, as just stated, by tho 
action of chlorine upon marsh gas or chloroform. It is now 
prepared on a large scale by the action of chlorine upon 
carbon disulphide. Chlorine mixed with carbon disulphide 
vajxiur is passed through a red hot porcelain tube; carbon 
tetrachloride and sulphur chloride arc produced— CS^ + 4CL 
= C0l4 ■!■ 2SCIj. The orange-coloured distillate is agitated 
with milk of lime to destroy the sulphur chloride; the carbon 
tetrachloride is decanted off and rectified. It is a limpid, 
colourless, highly refractive liquid of specific gravity 1'56. It 
boils at 77°. 'Its vapour, mixed with hydrogen and passed 
through a red hot tube, yields methane and othene, together 
■with hydrochloric acid. It is insoluble in water, but readily 
soluble in alcohol and ether. Its alcoholic solution treated with 
Bodium or potassium amalgam yields cAfoi'D/brn*, CHClg.wiOHO- 
chlorinated methyl chloride, CHjClj, and Tnarsh gas. This 
xeactioQ ia interesting as constituting a method of pcifomung 
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the inTerse eeriea of changes to those hy which ttie tetri- 
chloride ia produced; hydrogen gradually replacing chlorine. 
Chloroform may also he ohtained from carhon tetrachloride 
by the action of zinc and hydrochloric acid. Its vapour 
possesses antesthetic properties; the liquid is employed as a 
solvent for fats, resins, &c. 

175. Carhon Trichloride, C„G1„, was diacoyered by Faraday, 
and is obtained, together with the dichloride, by passing tho 
vapour of the tetrachloride through a tube heated to dull red- 
ness. It may also be prepared from ethane hy the action of 
chloiTQC, at a gentle heat or in bright sunlight The first 
effect is the formation of ethene dichloride (Dutch liquid), 
CjH.CL; the subsequent action of the halogen is to eliminate 
the hydrogen. The ultimate reaction may be thus repi-a. 
Bented — 

C,H,Clj + 4C1, = 4HCI + 0,01,. 
Carhon trichloride crystallizes in colourless, shining prisms, 
which have a peculiar aromatic odour, resembling that of 
camphor, The substance volatizea at ordinary temperatures, 
melta at 160°, and boUs at 182°, It hums in the flame of a 
gaa lamp, and is decomposed when heated with tin or zinc, 
forming a metaiic chloride and depositing carhon. When 
heated with potassium hydroxide to 210° in a sealed tube, it 
yields potassium oxalate and chloride^ 

C,aa + 8HK0 = CjKjO, + 6KCI + 4H,0. 

176. Carton Diollloride, OjCl^, -was also discovered by- 
Faraday, and may be obtained by passing either of the pre- 
ceding compounds through a red hot tube. It may likewiae 
be prepared by tho action of nascent hydrogen on the tri- 
chloride. It ia a mobile liquid of specific gravity 1'619. It 
boils at 117°, and remains liqmd at - 18°. The liquid 
absorbs nitrogea tetroxidc, fonning a volatile crystalline 
compound, termed dinitro-letracAlorel/iant, and having the 
composition CnCl^NjO^, This euhstanco is insoluble in water, 
but dissolves m alcohol and ether. It is decomposed at ]40° 
into the dichloride and nitrogen tetixjxide, 

177. Hexaohlorohenzene, O^Cl^, was foi-merly regarded tia 
carbon monochloride, O^Clj, until a determination of its vapour 
density established its true composition. It stands to tha^ 
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compoimd in exactly the Btime relation that benzene stajids to 
ethine. It may be prepared from benzene by the prolonged 
action of chlorine, or more readily by passing chloroform 
vapour throngh a red hot tube. It crystallizes in white 
silky needles, melts at 226°, but begins to Bublinie at a much 
lower temperature, and boils at 331°. It ia an exceedingly 
stable compound, resisting even the action of boiling nitrio 
acid. It ia insoluble in water, but dissolves readily in hot 
alcohol. 

178. Carbon Tetrabromide, CBr,, ia obtained by the action 
of bromine in presence of iodine bromide upon carbon 
disulphide. It ia a white crystalline substance of an aromatic 
odour, melts at 91°, is insoluble in water, but dissolves easily 
in. alcoho!, ether, benzol, <fec. Its alcoholic solution is decom- 
posed on lieating into aldehyde and hydrobromic acid. It is 
decomposed by alcoholic potash with formation of potassiiim 
bromide and carbonate, and alcohol — 

CBfj + 3C,E,K0 + 3KH0 = KjCOj + 4KEc + SC.HsO. 
When treated with water and aotlium amalgam it yields 
bromoform, OHErj, and methylene dibromide, CHjErj (Solas 
and Groves). 

179. Carbon Tribromide (CgBr,,}, or Tetrabromethylene 
Dibromide (CjEr^Brj), is a white crystalline solid, obtained by 
the action of bromine upon carbon dibromide {vide in/ra), 
which decomposes on beating into bromine and carbon 
dibromide. It is but slightly soluble in alcohol and ether, 

180. Carbon Dibromide, C^Bj-j, ni.iy be obtained by tho 
prolonged action o( bromine upon etbci- or alcohol — 

B Alcohol. 

Ethw. 
It forms white crystalline plates of a satiny lustre and 
aromatic odour. It melts at 50°, and may be sublimed un- 
changed. It is insoluble in water, but readily soluble in 
alcohol; its solution ia not acted upon by potash. 

A liquid bromide of carbon is occasionally found in crude 
bromine. It is a colourless, oily liquid of ap. gr. 2'436, It 
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boflB at 120°, and remains liquid at 20°. When heated -witli 
potassium hydroxide it yields a mixture of potaaaium bromide 
and carbonate. 

181. Carbon Chlorobromide, or Tetrachloretliylene 
Dibromide, CCljEr^, is obtained by adding bromine to 
carbon dicbloride, and exposing the mixture to light. It is 
a erystalline eubsbince resembling carbon trichloride, of sp. 
gr. 2'3. Its relation to Dutch liquid, tetrachlorethylene, 
dicbloride, and tetrabromethylene dibromide, is evident from 
the following formvdie : — 

0,H.C1, C,C1,C1, aCl.Er, C.Br.B 
—■--'--- "-•--'' irothjlone Totricliluralbi'taiie T-^--- " 



Ethyten; 



Totrulloc 



Noc 



npound of iodine and carbon is known. 
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coirnisATioKS of the nALOGEira with carbon and uydroqes. 

18%CiilOTQSo-nR{Dicklori7ialedMelhi/lOhlori<te,Tric?ilorome- 
tJiane), CHClj, was discoyered by Souberan in 1831, altboiigh 
there is some evidence for believing that it was known long 
before that tima It is prepared on the large scale for use in 
medicine by distilling alcohol with chloride of lime. "When 
pure it is a colourless oil of sp. gr. 1'535 at 0°. It boils at 
61°, and remains liquid at— 16°. It may be solidified, however, 
by its own evaporation. It is an agreeable aromatic odour, 
and a sweet spirituous taste. Inhaled in small quantify, ita 
vapour causes excitement, but in larger quantity it occasions 
a kind of coma — an effect first observed by Sir J. Y. Simpson. 
On account of this action, chloroform is extensively used for 
producing insensibility to pain in surgical operations. Care 
is necessary to enaiu« its purity when so administered. It is 
occasionally contaminated with ether, alcohol, and empyreu- 
matic substances. These are present in largest quantify in 
the chloroform prepared from methylated alcohol. The 
substance made from this source ia apt to produce unpleasant 

I ftfter-sensatious when inhaled. The presence of alcohol in. 

I chloroform is readily detected by shaking it with a solution 
of potassium bichromate ocidulalid with sulphuric acid, when 
the liquid becomes green owing to the fomation of cliromium 
Besquioxida The pi-csence of empyreumatio oils may ba 
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recognized by the disagreeable o Joiir left after the evnporation 
of the cbloi-ofoiTii. 

Chloi-oform is dissolved to a alight extent by water, which 
acquires its taste and odour. It is completely miscible with 
alcohol and ether. It dissolves sulphur, iodine, and phos- 
phorus, and many vegeto-alkaloids, particularly quiaijie, 
narcotine, and atropine. 

Chloroform decomposea slightly when exposed to light, 
with the formation of hydrochloric acid. TJi is decomposition 
is retarded by keeping the liquid under water. Chlorofonu 
is also decomposed when passed through a red-hot tube, 
with liberation of chlorine, carbon, and hydrochloric acid, 
CHCI3 = C + CI2 + HCI. This decomposition may be 
employed to detect chloroform ia blood. A quantity of the 
blood is heated in a flask placed in the wator-bath, and the 
chloroform vapour is passed through a tube heated to redness. 
The formation of the chlorine may be recognized by its power 
of tiiiTiing iodized Btarch paper blue. 

Chloroform forms cuprous oxide when heated with an 
alkaline solution of cupric oxide — 

CHCl, + 5KH0 + 2CuO = CujO + 3KC1 + COjK, + 3H,0. 

This reaction may be used as a teat for chloroform; one drop 
of this liquid agitated with 100 c. c. of water immediately 
produces a red pi'ecipitata when heated with tbe co]>per 
Eolution. 

183. Bromofonu, CHBrg, may be obtained by the joint 
action of bromine and caustic potash on alcohol, or by decom- 
posing bromal with alkalies. It is a mobile liquid of ap. gr. 
2'13, and possesses the odour and taste of chloroform. Itia 
less volatile than chloroform, and is more readily decomposed. 
When heated with aqueous solution of potash it si>lits up 
into formate and bromide of potassium. 

184. Iodoform {Di-iodaCed Methyl Iodide), CHI3, was dis- 
covered in 182 i by SeruUas, who regarded it as an iodide of 
carbon. It is readily obtained by beating iodine with alcohol, 
mixed with a solution of sodium cai-bonate. It may also be 
obtained by adding bleaching powder to a wami alcoholii) 1 
Bolutiou of potassium iodide; calcium iodato and iodofonu oi 
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byalocAol, in which it rfadilv dissolves. Iodoform ci'ystallizes 
in yelknr, shining plates, which have the odour of saffiron. 
It melts at about 111°, but is decomposed at a higher 
lempentore. Treated with bromine it yields a colourless 
liquid, which solidifies at 0' to a crystalline moss resembling 
camphor; it is very volatile, and has a penetrating odour and 
Hweet taste. It has the composition CHIBr^ and may be 
termed dibrominaUd mtlhyl iodide. 

185. Etheaa Dichloride {Eihykm Diehlmide), C^HjClj.— 
This compound is also known as Dut«h liquid, from the fact 
of its having been discovered in 1793 by four Dutch, chemists 
— Deiman, Faets van Troostn-jk,'Eondt, and lAuwerenbui^h, 
It is readily obtained by mising etiiene witJi moist chlorine 
(compare p. 220) It is a colourless, oily liquid, of an etherial 
odour and sweet taste. Its specific gravity is 1 '256 ; it boib 
at 83*; its vapour is inflammable, and burns with a gi'een 
flame. When covered with water and espoaed to light it 
yields hydrochlorio acid and ethyl acetate— 

2C,H,Clj + 2H,0 = 4HC1 + ^^\ 

It IB violently decomposed by potassium with formation 
potassium chloride, ethene, chlorethene, and hydrogeit 
(Maumeni)— 

8CjH,Cl, + 7K, = GC,Hj + 2C,HsOI + E, + HKCa. 

Alcoholic ammonia heated in scaled tubes with ethene 
dicLloride yields the following compounds:- 
Ethone diammonium dichlaride,.. 
DictliQDe di&mmonium di ~ ~ 
Triethcne diiimmoniuin d 

186. Ethene Dihromide, C^H^Er^, is formed by the dii-ect 
\inion of etbeno and bromine. It is a colourleSB, aromatic 
liquid, boiling at 129°, and solidifying at about 0°. In its 
chemical relations it resembles the dicliloiide. When heated 
■with water in sealed tubes it is converted into <ddeliydo and 
hydrobi-omio acid — 

C„n,Br. + H.O = 2HBr + C,H,0. 
AldeliyJe. 
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ichloride, [N5H,(CiJI",)]CL. 

dichloride, [N5H,(C^",),1CL 

I dichloride, [NjHjlOjH'ValC^ 
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yt, Stheae Di-iodide, C^H^Tj, is readily made by pass- 
ing a. Btrcam of ethene gas over gently heated iodine; the 
product is washed with dilute solution of potash to i-emovo 
excess of iodine, and is rccrystallized from alcohol. It 
crystflllizea in colourleas needles, which melt at 75° with 
partial decomposition, 

188. Ethena lodochlorido, C„IIjICl, is ohtnined by the 
action of a mistuve of chlorine and iodine upon the preceding 
compound. It is a eolouvless, oily liquid, of a, sweet taste, 
boiling at about 147°, 

These substances give rise to an iiapoi"tant series of de- 
rivatives, for an account of which the volume on Organic 
C'hemisiry must be consulted. 
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F THE nALOQENS WITH CARBON AND OXYGEN. 

189. Carbonyl Ciloride (Carbon Oxijehloride, Phosgene) 
—symbol COClj; molecular weight 99; density 49-6.— This 
compound is readily formed by mixing equal TolumeB of 
carbon monoxide and chlorine, and exposing the mixture to 
bright sunlight. It may also be obtained, together with 
carbon dioxide, by heating caa-bon tetrachloride with zinc 
oxide to 200°. 

2GC1, + 3ZnO = SZnCl, + COO, + CO.. 
It may also be prepared from oai'bon tetrachloride by passing 
the vapour of that substance mixed with carbon dioxide over 
heated pumice — 

cell + CO, = aCOdj. 
Carbonyl chloride may likewise he obtained by the oxidation 
of chloroform. 5 parts potassium dichromate, 40 paiis sti-ong 
sulphuric acid, and 2 parts of chloroform are gently heated in 
a flask in a wat«r-hath. Carbonyl chloride, water, and &-ee 
chlorine are simultaneously liberated. By passing the mixed 
gases over metallic antimony the chlorine is retained. 

On cooling the purified gas to— IS"!! condenses to a limpid, 
mobile liquid of ap. gr. 1'432 at 0°. It boils at S^a", and 
gives ofl" a vapour of an iutensely suffocating odour. Cai-bonyl 
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chloride is gradually decomposed \ty water forming 

dioxide and hydrochloric acid — 

COCl, + HjO = CO, + 2HCL 

Treated with dry ammonia it forms urea and ammonium 
ohioiido — 

COClj + 4NH, = CH.N,0 + 2NHjCl. 

3^0 Bxistenco of cavbonyl bi'omide, COBrj, la not definitely 
established. It cannot be formed by the direct union of 
bromine and carbon monoxide in sunlight The oxidation of 
bi'omoform has yielded no satisiartoiy results. Neither 
I c&rbonyl iodide nor cyanide ia known. 
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Two pol3rnieric cyanogen chlorides are known which at 
I ordinary tempemtures are respectively liquid aad solid. Tho 
I liquid modification has the formula CNClj the solid niodifi- 
' cation CcNjCl,. 

190. Liquid Cyanogen Chloride, CyCI, is an esceasively 
volatile and poisonous liquid, obtained by the action 
of chlorine upon moist mercuric cyanide, or by the action of 
chloiine upon pniBsic acid. It has an exceedingly repugnant 
odour, boils at i2-6, and Bohdifies at— 7°. Wheu perfectly 
pave it may be kept unchanged for any length of time, but 
in presence of an excess of chlorine it ia gradually converted 
into solid cyanogen chloride, CyjCl^. It is miscible with 
water, alcohol, and ether, and is readily decomposed when 
heated with potassium, forming potassium cyanide and 
cyanate. With ammonia gas it forms ammonium chloride 
and ci/anamide, CN^H^. 

191. Solid Cyanogen Chloiide, Cy^Clj, may also be ob- 
' tained by the action o£ dry chlorine upon heated potassiunx 

Bulphocyanate. It is a white cryatallino substance which 
melts at 140°, and boils at 190°, It is soluble in water; its 
aqueous solution is gradually resolved, especially on heating, 
into Iiydi'ochloric and eyanuric acids— 



eiLICOH TRIOnLOHIDE. 

CsNaCl, + 3HjO = C^N^HgO^, + 3HCL 



f 

^V 192. Cyanogea Bromide also occurs in two polymeric 
^f modifications. CNEr ia beat prepared by passing bromine 
vapour into a mixtui'e of pnissic acid and ether. It crystal- 
lizes iu long noedka, and ia slightly volatile at ordinary 
temperatures; it has an exceedingly penetrating odour, and 
ia highly poisonous. It is occasionally found in commercial 
bromine. When heated it ia converted into CyjEr^ (i), 
which melts above 300°. 

193. Cyanogen Iodide, Cyl, is occasionally formed in the 
mannfaeture of iodine. It haa already been stated that it is 
sometimes found in commercial iodina It may easily be 
obtained by heating iodine with cyanide of silver or mercary, 
or by adding iodine to a concentrated solution of potassium 
cyanide, and gently beating the solidified mass. Cyanogen 
iodide sublimes in long delioato needles, which, when re- 
crystnllized from alcohol, are ti-ansformed into small four- 
sided tobies. It lias an exceedingly pungent odour, and ia 
very poisonous. 



CoStBINATIONS OF THE HAtOOEKS WITH SiLlCOH. 

194. Silicon Tetrachloride, SiCl^, unlike the coirespondbg 
carbon compound, may be formed by the direct union of ita 
elements. Silicon readily burns when heated in chlorine gas. 
The compound is more easily obtained by mixing carbon and 
Bilica together into a, stiff paste with oil, igniting the 
mixture in a covei'ed crucible, and heating it in a stream of 
chlorine. Silicon tetrachloride is formed together with carbon 
monoxide — 

SiOj + Cj + 2Clj = SiOl, + 2C0. 
Silicon tetrachloride is a cleat, transparent liquid, of specific 
gravity 1-5237 at 0°. It boils at 59°, and does not solidify 
at - 20°. It fumes strongly in a moist atmosphere, and ia 
rapidly decomposed by water with formation of hydrochloric 
and silicic acids. When heated with potassium it forms 
silicon and potassium chloride. 

195. Silicon Trichloride, Si,Clg (con-esponding to carbon 
10. — vol. L 
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tiichloride, CjOj), ia obtained by tlie action of carbon teM-a- 
chloride upon strongly heated sUicon, or by gently heating 
the hexiocLde (vide infra) with mercuric chloride. It ia a 
colourless, mobile liquid, of specific gi'avity 1'58 at 0°. It 
aolidifies at - li" {Traost and HautefcuiUe) ; at - 1° (Friedel), 
and boilfl at 147°. When strongly heated its vapour inflames 
apontaneously in the air, and when heated in sealed tubes 
under great pressure it is resolved into the tetrachloride and 
silicon. It is decomposed by alkaline solutions with tbo 
elimination of hydrogetL 

SUicon dichhride is also believed to exiat, tut hitherto it 
has not been satisfactorily isolated. 

A number of silicon oxiclilorides have been obtained. Thmr 
formulie and boiling points aie givea below (Trooat and 
HaatefQuille)— 

Bi,Oa« 136°— 133'. 

Si^O,lX, 133°— 202°. 

SigOijd,, aboat 300°. 

Si,OsCa,(?) above 400°. 

SLOXll, !) Solid(>t440°. 

SiAClio 153—154°. 

196. Silicon Tetiabromide, SiBr,, may be obtained iif^ 
same manner as the chloride, by snl^tuting bromine vapO 
for chlorine. It is a colourless, heavy liquid {specific gravity 
2-813), which boila at 154°, and solidifies at 13° to a crystal- 
line mass. It is decomposed by water and potassium in a 
similar manner to the chloride. 

197. Silicon Tribromide, Si^Bi-g, is formed by adding 
bromine to a solution of the tri-iodide ia carbon bisulphide. 
It is a ci'ystalline substance, and may be distilled at 240° 
withoTit decomposition. 

198. Silicon Tetriodide, Sil^, is foi-mej by passing iodine 
vapour mixed with carbon dioxide over heated silicon. It 
crystallizes in transparent octahedrons, melts at 120'5°, and 
boils at about 800°, and may be distilled iu a stream of 
carbon dioxide without decomposition. 

199. Silicon Tri-iodide, Si^I^, is obtained by heating the 
preceding compound with finely divided silver. It crystallizes 
in colourless hexagonal prisms, which fume in the air, and 
melt at about 250°, It is decomposed by pot-ish solutioii 
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i^tli fonnation of free hydrogeoj silica, and liydriociio 

8i,I( + 4HiO = 2SiO, + 6HI + Hj, 

When treated with ice-cold water, it ia converted into a white 
i having the composition Si^H^O^, analogouB tg oxalio 

Silico-Oiralic Acid. Oxdio Acid. 



200. Silicic Chloroform, SiHCl,, may bo pi-opared by 
heating silicon, in a stream of hydrochloric acid. It ia an 
■unstable liquid, which boils at 36°, Its vapour, mixed with 
air, inflames even in contact with a heated glass rod. It is 
decomposed by water with evolution of hydrogen, and by 
chlorine at ordinary temperaturea with formation of silicon 
tetrachloride and hydrochloric acid — 

SLHCl, + Clj = SiCl. + HCl. 

201. Silioic lodofonu, SiHI , is obtained in small quantity 
by heating silicon in a stream of hydriodic acid and hydrogen. 
It 13 a tranEparont, highly refractive liquid of ep. gr. 3-362 
at 0", It boila at 220°, and is decomposed by water with 
formation of silica, hydriodic acid, and free hydrogen, 



202. Pluorine— Symbol F; atomic weight 19.— This sub- 
stance is very widely diifuaed in combination with calcium, 
forming fluorspar CaF^. It occurs also in certain minerals, 
a.ff., cryolite Na, A1F„; topaz aAl^F^SiF, 5(Al50,SiOj),fluor- 
apatite SPO^Cag.CaFj ; wavellite, itc. Fluorine is an in- 
variable constituent of bones, teeth, blood, and milk. It is 
found also in many ashes of plants and in river waters. The 
element iteelf has not yet been satisfactorily isolated. Silver 
fluoride is decomposed by iodine, and is said to yield a colour- 
less gas of a smell resembling chlorine, which manifesta an 
extraordinary power of combining with moisture to form 
hydrofluoric acid. 

203. Hydrofluoric Acid, HF— Mol. weight 20; density 10. 
— Thi.'i acid was discovered by Scheele in 1771, and may bo 
made by heating potassium hydrogen fluoride, EFHF, to a 
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red heat in a platinum retort. It fumes etrongly in the air, 
and can be condensed to a colourless, mobile liquid of sp. gr. 
0'987D at 12-8. It boils at 19'4°, and ia exceedingly bygro- 
Boopic If free from moisture, it exerts no corrosive action 
on glass. When dropped on the skin it forms painful 
'wounds. The anhydrous acid is without action on the 
majority of metals. Potassium and sodium, however, elimi- 
nate hydrogen and form alkaline fluorides which unite "with 
a second portion of the acid. It rapidly chars most orgonio 
Bubstances, and explodes when mixed with oil of turpentine. 
The density of the acid ahow^ that it is analogous in constitu- 
tion to hydrochloric acid, I vol. of fluorine uniting with 1 
vol. of hydrogen to form 2 vols, of hydrofluoric acid. It waa 
at one time supposed that fluorine might be diatomic like 
oxygen, and that it would be found to possess the atomic 
weight 38, an idea which derived its chief support from the 
tendency of the elements to form double salts. According to 
this view the formula of the princijial fluorides would be 
(Ff = 38)— 

Hydrofluoric acid, ^ j Ff Aimlogous to water ^jo 

PotaSBiiiinHrdrasEnFlaoride,]^ j F£ „ potaab, ^ jO 

PotasaiamflaoridQ.ij^ j Ff analogous to potassium monosido, g^ j 

Silicon fluoride, Si Ff, analogous to Silica, SiO, 

The vapour density of hydrofluoric acid, howevei-, indicates 
that fluorine is aualogous to chlorine, and that its atomic 
■weight is 19. 

Tho aqueous acid is now prepared on a comparatively 
large scale by heating a mixture of fluorspar and sulphuric 
acid in a leaden or platinum i-etort (fig. 94), CaF^ + 11^804 
= CaSOj + 2HF. During the operation the U-shaped 
receiver ia surrounded by a freezing mixture. The strongest 
acid which can be obtained in this way has a sp. gr. of 1"06. 
It combines with water with a hiaaing noise, and with great 
evolution of heat. Tho diluted acid containing 35'9 p. C.HP 
has a ap. gi". of 1-15. Tbeaqiieoua acid rapidly attacks many 
metals. Copper and silver, which are not sensibly acted 
upon by Iiydi-ochloric acid, are readily dissolved by dilute 
hydi-ofluorio acid. Silver fluoride, unlike the chloj'ido, ia 
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Boluble in water. Tlie cBief application of hycli-ofluoric add 
dejjends upon its power of attacking silicates, due to the ten- 
dency of tiie fluorine to unite with silicon to foi-m silicon 
tetrafluoride, SiOj + 4HF = SiF, + SH^O. The acid is 
accordingly used for etching on glasa. The glass is coated 




[ ■with wax, and tht desi^ is ti"\(cd upon it by a bliupjio 
1 instrument; it is exposed to the acid either in the form 
of gas or in aqueous Bolution. The Iiydrofluoric acid 
rapidly attacks those portions which are left uncovered by 
the wax. The acid cannot therefore Tie preserved in glasa 
bottles; it is generally kept in vessels of gutta percha, upon 
which it exerts no action. The only important salts of 
hydrofluoric acid aro the fluorides of calcium and am- 
monium. The former substance is used as the source of the 
acid and as a flux, whence its name of fiuorspar (from fiuo, 
to flow). The latter is occasionally employed in analytical 
chemistry to expel silicon from its combinations; many 
silicates, when ignited with ammonium fluoride, part with 
Ihe silicon in the fomi of silicon fluoride. 

No oxygen, nitrogen, or caibon compound of fluorine la 
[ tnown. 

304. Silicon Fluoride, SiT^, mny be readily prepared by 
[ heating a mixture of fluorspar, sand, or powdered glass with 
I strong Bidphuric acid. It is a heavy, colourless, strongly 
I fimiing gas, which liquefies under pressure, and solidifies at 
- 140^ It is absorb^ by water, with fomiation of gelatinous 
a and eilico/lwoTia acid, HgSiFg — 
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I + 2H,0 = 2H,SiP, + SiO 

The gaa is also absorbed by many metftllio oxides, e. g., lime 
which thereby becomea red hot. It oombinea with ammonia 
to fonn » crystalline componnd, SNHjSiF,, which may be 
volatilized without change. 
SOS. Silicoflaoric or Hydrofluosilicio Acid, H^SiF^, may 
be prepared by meaiia of the ap- 
pamtiia seen in fig. 95. Silicon 
iliiuride, made in the maimer 
abavo deaciibed, ia evolv^ed from, 
the flask and is led into water, by 
which it is decomposed with the 
formation of silica and silicofluorio 
acid (vide supra). To prevent the 
delivery tube from being stopped 
up by the silica, the end dips 
beneath the auiface of mercury. 
Each bubble of gas is decomposed 
on leaving the mercury, and tha 
liquid quickly bocomos gelatinouB 
1 from the formation of silica. The 
' solution of the acid is Btnuncd, 
filtei-ed, and concentrated at a 
P>g- 33. tompei'atitrej it forms i 

liquid, which gradually attacks glass, eBpccially on 
Its salts are termed silicofluorides. They are generally soluble 
in water, and may be obtained well crystallized. The potaaaium 
compound, K^SiF^, is one of the least soluble of the potassium 
salts. Bilicofluoric acid is occasionally used as a test for that 
metaL Copper silicolluoride is one of the moat soluble of 
copper salts, 1 part of water dissolving neaiJy 3 parts of the 
salt at ordiuaiy temperatures. 
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TUB SOLPHCa OBODP. 



This group comprises three membora, viz., sulphur, seleninta, 
and telluilum, between which and oxygen exists a 
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falp similar to that esisting among the halogens. We notice 
be same gradation in the atomic weights of the members of 
he two groups — 

Oiygen IG Fluorine, 19 

Sulphur, 32 1 Ciiloriiio 35-5) 

SBleniuia, 70*5 Vmean 7D'3. Broinine, 80 \ mean 807. 

Tellimum,...128 ) Iodine 126-S J 

The atomic weight of selenium is the mean of that of sulphur 
and tellurium, exactly as the atomic weight of hromino is 
midway betweeu that of chlorine and iodine. 

206. Sulphur^Symbol S; atomic weight 32j vapouf 
density 33. 

This substance has been known from the earliest times. 
Its ancient and familiar name of brimstone (from brenne- 
Btei'a, the burning stone) denotes one of its chief characteristics, 
viz., its infiammability. It ia not found in the free' st^te in 
Great Britain; nearly all the native sulphur which finds its 
way into commerce cornea from Sicily. It also occurs in. 
Iceland, in various pai-ts of Italy, in Mexico, South America, 
ifec,; indeed, free sulphur ia invariably found in more or leaa 
quantity in all volcanic districts. In a state of combination, 
sulphur occurs associated with iron and copper, forming 
pyrites; with zinc it forma zinc blende; with lead, galena; 
with mercury, cinnabar, &c. ; in fact, the sulphides constitute 
some of the most valuable metalliferous ores. 

Combined with oxygen and ha^s, sulphur occurs as gypsum 
and selenite (calcium sulphate), aa heavy spar (barium sul- 
phate), as celestine (strontium sulphate), as Epsom salts 
(magnesium sulphate), &c. Sulphur is also found associated 
with hydrogen as sulphuretted hydrogen, and with carbon 
and oxygen as carbon oxysulphido in many mineral waters. 
The hepatic waters of Harrogate and Aix la Chapelle owe 
their medicinal value to the sulphur which tiey hold in 
solution. Sulphur is likewise found in the unoxidized con- 
dition in vegetable and animal tissues, in albumen, in the 
taurin of bile, and in the cystin in urine. Many volatile oils, 
— e. g., oil of mustard, oil of garlic — contain sulphur derivar- 
fives, which confer upon them characteristic aUiaceous odours. 
I The exportation of sulphur constitutes one of the staple 
I Induatries of Sicily. The deposition of the sulphur in volcanio 
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re^ons Has probably been brought about by tbe action of 
Btilijburetted hydrogen. Steam, and air ujKJn chalk. Bisohof 
has ahowTi that whca these gases are passed over calciiim 
carbonate heitted to 100°, gypsum is formed and sulphur is de- 
posited. Thisexplanationof the origin of the Bulpjiurdepoflita 
derives some support from the fact that chalk aud gypsum 
are almost invariably associated with the sulphur, aud that 
fiiUiihuretted hydrogen, accompanied by jets of steam and 
finely divided sulphur, is largely evolved from all pai-ta in the 
district. 

807. Extraction of Sulphur.— When quanied, the sulphur 




is always nsaoclated with earthy matter. The richer portiorm 
are melted in an iron pot, and the sulphur is ladled out into 
cold water, in ■which it congeals. The residue still oontainH 
sulphur, which is extracted by distillation. This latter pro- 
cess is always used for the poorer deposits, i. e., for those con- 
taining from 8 to 12 per cent of sulphur. The sulphur ore is 
placed in earthenware pots ranged in a furnace, and connected 
with similar pots which act as condensers; the molten sulphur 
flows out through the lower openings of the receivera into 
tubs filled with cold water, whoro it solidifies (fig. 
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I 'The rough svlphur, as the product of tliia operation is termed, 
\ JB piuified by n second distillation, conducted in the arrange- 
nt seen in £g. 97. The crude sulphur is melted in the 
1 iron pot a, and run off by the pipe b into the iron retort c, 
[ and it is caused to boil by the fire at d; the vapours are led 
into the large chamber eee, ■which has a capacity of about 
7,000 cubic feet, and ia constructed of tliick brickwork. By 
ins of the valve g, the di-aught into the chamber may be 
' duly regulated. The sulphur vapour for some time after the 




commencement of the operation condenses upon the wfllla in 
the form of microscopic crystals, termed flowers of sulphur. 
Ab the brickwork becomes heated, the molten sulphur flows 
down and accumulates at the bottom, whence it ia drawn off 
1 ty the aperture n, *nd cast into wooden moulds, constituting 
[ ToS «(7p/rtM*. Occasionally it ia allowed to congeal at the 
bottom, when it forma refined Imnp sulphur. 

Sulphur in an exceedingly finely divided state is employed 
in medicine under the name of mUk of sulphur. Thia pre- 
paration is made by boiling fl.owers of sulphur with mUk of 
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lime, or with an alkali On adding hydrooUorio acid to 
clear Bolution of the alltaline sulphide, Biilphur ig precipitated 
as a light greenish-yellow, amorphous ]iowder. 

Large quantities of comhined sulphur exist in Great Britain 

and Ireland aa iron and copper pyrites. These substances, 

when heated, part with a portion of their sulphur, and if cai-e 

is taken to regulate the supply of aii', a certain proportion of 

the Buiphur may be obtained in the unosidized state, A 

I qvuxntity of brushwood is spread over the ground, or on a 

[ layer of broken pyrites, and a huge heap of the ore, contain- 

[ ing about 2,000 tons, is placed over it, a central space or flue 

i leading to the brushwood being left in the pile. Tlie wood 

P ja set on fire by thi-owing lighted fa^ote down the centre 

1 Kpaae, and as the mass of ore is thus gradually heated, the 

Isulphur trickles down, and is coUcoted in cavities in the walla 

L of the heap. The operation of burning such a heap lasts 

I about six months, and the pyrites yield about 1 per cent, of 

t crude sulphur. The sulphur is in reality only obtained as a 

[ bye product, the burning being simply a preliminary stage in 

the estraction of the more valuable copper. 

It has been already mentioned that oxide of iron ia often 
I Tised to abstract the sulphur compounds from coal gas. If 
the moist ferrous sulphide formed in the purifier ia exposed to 
air it is gradually reconverted into ferric hydrat« and sulphur, 
and it is fitted to absorb a further quantity of sulphuretted 
hydrogen from the gas. The mass is alternately exposed to 
the action of the coal gas and to air, until the sulphur amounts 
to 40 or BO per cent., when it is distilled off in iron retorts. 

For the methods of extracting sulphur from alkali waeCe, 
Bee Manufaelivre of Sodium Carbonate, vol. II. 

208. Properties of Salphur. — Sulphur is a brittle solid, 
of a lemon-yellow colonr; it is insoluble in water, and pos- 
sesses little odour. It ia an exceedingly bad conductor of 
heat and of electricity. If a roU of sidphur he warmed in the 
hand it emits a cracJding sound, and ultimately breaks in, 
pieces fi-om the irregular manner in which it is heated. It 
becomes negatively electric when rubbed with hair or wool. 
Native sulphur melts at 115° to a limpid, amber-coloured 
liquid, which solidifies on cooling to a transparent vitreoiia 
mass, provided it has not been heated above 120°, The 
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action of heat upon eulphur is very remarkable. When 
heated above 120° the limpid, orange coloured liquid gradually 
darkens in colour, and becomes -viscid; at 200" — 250° the 
mass 13 almost black, and so viscid that the flask in which it 
is contained may be inverted without the sulphur flowing out. 
On continuing the heat the dark coloured substance bccoraca 
more and more mobile, until its boiling point, viz., 440° is 
reached, when it is transformed into an orange-coloured gas; 
its mobili^, however, is never so great as when it is firat 
melted. On allowing the sulphur to cool it passes invei-sely 
through the same series of changes. Sulphur vapour exists 
only in the state of a true gas at about lOOO". Tho density 
of its vapour is only normal — that is, 32 times greater than 
that of hydrogen when measured at that temperature; at 
BOO" its vapour density is thrice the calculated quantity. 

Sulphur occurs in at least three allotropic modifioar 
tjone, distinguished by differences in cryetalline form and 
in solubility in carbon bisulphide. Native sulphur is found 
in large octahedral crystals belonging to the rhombic system. 
This modification has a sp. gr. of 2'05, and ia readily soluble 
in carbon bisulphide, benzene, oil of turpentine, heavy 
petroleum oils, &c. Carbon bisulphide dissolves one-third of 
its weight of sulphur at ordinary temperatures, and at about 
40" it dissolves its own weight. On aUowing the solvent to 
evaporate the sulphur crystallizes in well defined octahedrons. 
Sulphur may bo crystallized in this form by fuBion, A long 
necked flask is filled with sulphur, which is melted by im- 
mersing the flask in an oil bath heated to 120°. If the vessel 
be slowly cooled by plunging it into water at 90°, crystals 
are seen to foi'm in the liquid, and may be isolated by suddenly 
inverting the flask and allowing the non-solidified portion 
to flow into the neck. The crystals thus obtained aj*e per- 
manent, and are identical with those of natural sulphur. 

If a quantity of sulphui- be melted in a crucible and 
allowed to cool quickly, and the superficial crust be broken, 
and the still liquid portion poured out, on breaking the 
crucible its vcflJIa will bo found to be lined with transparent 
waxy-looking needles, which belong to the monoclinic system. 
Sulphur accordiugly is dimorphous. The needle shaped 
modification melta at 120°, and has a sp. gr. of 1'98. It 
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ttnds to pns3 into the octabedral form. If tte ctystals ate 
scratched, they gradually become opaque, and crumble to a 
powder consisting of minuto octahedrons. Sulphur is oc- 
casionally deposited from a hot saturated solution in oil of 
turpentine or petroleimi in the needle shaped or prismatic 
form. The crystals which are dejjosited as the solution cools 
belong to the rhombic or naturally occurring form. When 
originally cast in roUs the sulphur is in the prismatic form, 
bat La process of time it changes into the octahedral variety. 
Its condition is now like that of unannealed glass ; it is ex- 
ceedingly brittle, and readily breaks on heating. 

If melted sulphur, heated to about 280°, bo poured into 
cold water it does not immediately congeal. Even ■when 
quite cold it forms a soft, tenncious mass, like semi-nLolten. 
caoutchouc, ■which may be drawn out into long threads. This 
plastic ntodification of sulphur has a sp. gr. of 1'05, and is 
insoluble in carbon bisulphida It may be obtained perfectly 
solid by cooling it in a mixture of solid carbon dioxide and 
ether, but at ordinary temperatures it reassumes the plastic 
condition. In time, however, it loses its transparency, and 
passes into the octahedral variety ■with evolution of heat 

Sulphur ia a very active chemical element. Hydrogen 
passed through molten sulphur comhines ■with it, forming 
snlphuretted hydrogen. With oxygen it forma t^wo com 
pounds, termed sulphur dioxide SOj, and sulphur trioxide SOj. 
The first named compund is fonned when sidphur bums in the 
air. With carbon at a red heat it forms carbon bisulphide. 
Many metals combine directly ■with sulphur, if copper be 
gently heated in sulphur vapour, combination occurs with the 
evolution of great heat, and the metal glows ■with a bright 
red light 

Sulphur is the analogue of oxygen, a marked similarity 
existing both in the constitution and mode of formati<nt of 
fiidphur and oxygen com] 



H,0 CO. 




It is evident from these formulse that sulphur is chemically 
equivalent to oxygen, one atom of which, as we have before 
seen, ia equal to two atoms of hydrogen or chlorine. In Cict, 
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"we can obtain sulphur com)iound3 the compositioii of which 
indicatea that one atom of aulphnr replaces two of chlorine. 
Thna, carbon monoxide and sulphur unite directly together 
to form carbon oxysulphide, COS, exactly in the same manner 
that carbon monoxide and chlorine generate phosgene gaa, 
COClj. 



I COMBINATlONa OP BULPHfB AND HYDEODEN. 

I The parallelism between oxygen and sulphur is exhibit 
in the sulphides of hydrogen, of which there are two, cor 
sponding to the oxides of hydrogen,* viz. :— 

Sajphuretted Hydrogen, or ) -r, o Water, or Hydrogen ) t, ,-, 

Hydrogen MoQoaulphide, } ^'*' Monoxide, \ ^s*^" 

Hydrosen Fersnlpliide, HjS, (!). Hydrogen Dioxide, HjO,. 

209. Sulphnretted Hydrogen (Sulphydric or Hydrosul- 
phurie Acid) — Symbol H^S; molecular weight 34; density 
17. — This gas may be formed, as we have already stated, by 
passing a current of hydrogen through boiling sulphur. A jet (rf 
liydi-ogen, when lighted and plunged into an atmosphei-e of 
sulphur vapour, continues to bum with formation of sul- 
phuretted hydrogen; this substance may also be formed by 
burning sulphur vapour in hydrogen, exactly as water is pro- 
duced by burning hydrogen in oxygen or oxygen in hydrogen. 
Tliis ga3 is coatained in many volcanic exhalations, and it ia 
evolved in the decay of organic substances containing sulphur. 
Decomposing organic matter, in contact with aqueous solu- 
tiona of sulphates, frequently generates sulphuretted hydrogen. 
Prom this cause sulphides are occasionally found in sea 
water at the mouths of lai'ge rivers, which biiug down quan- 
tities of decaying organic matter. 

310. Ita Preparation and Properties. — In ths laboratory 
sulphuretted hydrogen is made by treating feiroua sulphide 

Ivith sulphuric acid, ferrous sulphate being simultaneously 
'fijrmed — 
TeS + H,SO, = HjS + FeSOi. 

• The composition of the perinlphidB is EtUl a matter of dispnte. 
Hofmunn has addaccd evidence to shew that it has the formida 
H,S, (vide infra). 
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^^M A purer product may be oLtoined hy be^tlrg antimony 

^H teraulphide with hydrochloric acid — 
^P Sb,S, + 6EC1 = 3H,S -t- ZSbCla. 

^H Sulphuretted hydrogen is a. colourless gas of an oSenrave 

^H odoui', reaembling that of rotten eggs, the smell of which ia, 
^^P in ^t, due to the forumtiou of this gas &om the decomposi- 
^^ tion of the protein or sulphur compounda contained in the 
alhumen. The discoloration which a silver spoon suSera by 
contact with an egg arises from the formation of a tbin film 
of silver sulphide. Sulphuretted hydrogen is a poisonous 
gas when breathed in quantity; even when considerably 
dilut«d with air it occasions headache and sickQesB. It ia 
readily inflammable, and buma with a lightrhlue flame, form- 
ing sulphur dioxide and water when the supply of air ia 
abundant; when deficient, water is mainly produced and 
Bu]phur is deposited. By the application of great cold and 
pressure the gas may be condensed to a thin, mobile liquid 

I of specific gravity 0'9, which may be frozen to a white, 
transparent mass, melting at — 85°. 
Sulphuretted hydrogen gas ia decomposed when heated 
with certain metals — e. g. , cadmium and tin, with liberation of 
hydrogen and formation of metaUic sulphides — 
Cd + H,S = CdS + Hr 
The volume of hydrogen left after the decomposition ia 
found to be equivalent to that of the sulphuretted hydrogen 
originally taken — showing that this gas is made up of two 
volumes of hydrogen, and one volume of sulphur vapour 
condensed to two volumes. 

• The gas is instantly decomposed by chlorine with forma- 
tion of hydrochloric acid and deposition of sulphur — 
H,S + CI, = 2HC1 + a 
Sulphuretted hydrogen is soluble in water, which ahsorba 
about three times its volume of the gas, and thereby acquires 
its disgusting odonr and taste. This solution gives with cer- 
tain metallic solutions characteiistic precipitates which may 
■ be used aa tests for the metals. Thus, with cadmium sal^ 
sulphuretted hydrogen gives a bright yellow precipitate of 
cadmium sulphide, soluble in hot bvdi'ochloric Mid, and readily 
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soluble in nitrio and Eulphuric acids; with antimony sulphur- 
etted hydrogen occasions an orange precipitate of antimony 
teraulphide, Sb^S^; with arsenic a yellow precipitate of Aa^Sg; 
with tin a brown or black precipitate of tin sulphide; cop];>ei' 
I lead, bismuth and mercuiy give black precipitates of iheii 
tespective aulphidefl with sulphuretted hydrogen. 

If a current of sulphuretted hydrogen gas be passed into a 
solution of potassium, ammonium, or barium hydroxide, a 
Boluble Bulphydrate or sulphide ia formed. Thus, in the case 
of biiriimi we obtain BaS or BaH^Sj, corresponding to 
barium monoxide BaO, or barium hydrate BoHnO^. 

If a Bolution of an alkaline sulphide or sulphydmte bo 
added to any of the salts of the heavy metals, insoluhjo 
sulphides are formed. Thus, with copper salts we obtain 
cuprous sulphide; with iron salts, black ferrous sulphide; with 
zine, white zinc sulphide, &o. Certain of the metallic 
sulphides, e. g., those of iron, zinc, cobalt, nickel, &e., are most 
readily obtained in the wet way by the addition of an 
alkaline sulphide. A few of the metallic sulphides, e.g., 
those of arsenic, antimony, and tin, are soluble in excess of 
the solutions of the alkaline sulphides. On the different 
behaviour of the metals towards sulphuretted hydi-ogen and 
a solution of an alkaline sulphide, is based a method of sub- 
dividing the metals into gi-oups, which ia of great service Ja 
analytical chemistry. 

211. Hydrogen Persulphide — Symbol HgSa (i) ; or 
HgSj (ft. — This compound, which bears a maited analogy 
in its chemical deportment to hydrogen dioxide, is made by 
adding a persulphide of an alkali, or alkaline earth, to dilute 
hydrochloric acid — 
I CaSj + 2HCQ = CaClj + H,S, + Sj. 

1 Hydrogen persulphide is a heavy, yellow oil of a characteristio 
Bulphimius smell. It isvoryunstable, and is gradually decom- 
posed on keeping into sulphuretted hydrogen and free sulphur. 
At a slightly elevated temperature this decomposition is 
very rapid. If a quantity of the persulphide bo heated in 
ono limb of a sealed V tube, the sulphui'etted hydrops 
wliich is liberated is condensed to a liquid by its own pies- 
gure. Hydrogen persulphide is insoluble in water^ but 
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^^B KaJily dissolve in etiier. It is infiatnmable, and bants 
^H with a blue flame. Hydrogen perstilphiile, like the dioxid^ 
^^P is decomposed by m&ay metallic oxides, or finely divided 
^* metalfi. The composition of this remarkable substance is 
not conclusively determined, as it readily dissolves sulplmr, 
trom which it cannot be separated -without decomposition. 

Hydrogen peraulphide appears te combine with many 
T^ieto-alkaloids. If & strong solution of strychnine in 
alcohol be mixed vith an alcoholic solution of ummoniam. 
sulphide containing free sulphur, ovange-red crystals of the 
composition C^Hj^NgOj . H^, separate out Tliis substance 
is decomposed by sulphuric acid, with formation of stryehnine 
sulfate and pi-ecipitation of the hydrogen peraulphide in 
oily drops. The peraulphide would thus appear to have the 
^^ formula H^„ and not that of H^Sj, con'esponding to^l 
^^L hydrogen dioxide — (Hofmnjm). M^^l 

COSIBINATIOSS OP SULPHDE WITH OSYGES AUD HyUROOES. 1 

Two oxides of sulphur are known, viz., sulphur dioxide 
SOj, and siilphur trioxide SO3. The foi-mcr compound is 
formed by buridng sulphur in oxygen or in air. Sulphur • ■ 
ti'iojcide may be produced by the indirect oxidation of the 
dioxide. However large the supply of oxygen may be, it 
is never formed by the direct union of oxj-gen and sulphur. 
These oxides of sulphur produce corresponding acids, termed J 
respectively sulphurous and sulphuric acids. In addition, -we I 
liave a complete series of acids, the anhydrides of which have 
not yet been discovered. The names and formulte of tho ' 
acids are given below — j 

HyposulpliuroTiB Acid, H,SO 

SulpharouB Acid, H,SOfc : 

Sulphuric Acid, H.80, 

Thiosnlphuric Acid (cummouly caJIed EypoBQlphnro 

AcKi), H,S,Oi, 

I Dithionio Aoid, U,Sfia.„ 

p.i,tw. A=idJ5£szau;:::::H|:or:: 

(FeaUthiaiuoAcid,....H,3(0«... 



I 
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212. Sulphur Dioxide,— Symbol SO,; mol. -weight 64; 
density 33.^ — This aulmtance may be foimetl by beating sulphur 
with oxygen or with many metaUie peroxidea. With man- 
ganese dioxide, for example, manganese oxysulpbide and buI- 
l^ixr dioxide are fonned — 

BMiiOg + S,^2MuOSxSO,. 
Many metallie Bulphidee — e.g., iron pyrttea, FeSj — when 
roasted in air produce sulp]inr dioxide, and are converted 
into oxides — 

2Fe9j + 110 = FejOj + 4S0,. 

This gas may also be obtained by deoxidizing aulphm-ic acid 
by means of charcoal or copper — 

Co + 2H,S0j = CaSO, + SO. + 2H„0. 

+ 2H,S04 = 2S0t + COj + 2H,0. 

In the laboratory the former reaction is genei-ally made 
use of. The copper, in clippings or borings, is placed in a 
flask and covered with strong oil of vitriol. On heating, the 
gas ia abundantly disengaged, and may be washed from any 
accompanying vapours of sulphuidc acid by passing through 
water. In the case of copper the reaction is not quite so 
simple as would appear from the preceding equation. The 
residue ia the flask always contains cupixius and cupric sul- 
phides, produced in all probability by the reducing action of 
the sulphur dioxide upon the copper sidphate formed. 
I Sulphur dioxide may also be formed by heating a mixture 
of dehydrated ferrous sulphate with sulphur — 
PeSO^ + S, = TeS + 230,. 

The residual ferrous sulphide nmy be used for the preparation 
of Bulphnretfed hydrogen. 

Sulphur dioxide, at ordbary temperatures, is a colourless, 
incombuBtible, irrespirable gas, posaeasing the odour of burn- 
ing sulphur. It ia one of &e most easily liqueSable of the 
gases; by exposure to a pressure of three atmospheres at 
common temperatures, or by cooling the gas to — 18° by a 
mixture of snow and salt (fig. 98), it condenses to a thin 
mobile liquid of specific gravity l45, which boils at — 10°. 
By cooling the liquid in a mixture of solid carbon dioxide and 
, 10.— VOL. I. X . _ 



ether it solidifies to a transparent joasa, heavier thui ^q 
liquid, -which melts at — 79". Liquid sulphur dioxide dissolvea 
phosphorus, sulphur, iodine, and many resins, and mixes tin- 
changed with carbon bisulphide, ether, bemol, chloroform, 
bromine, &c Sulphuric and phosphoric acids are not dia- 
Bolved by it 

Sulphur dioxide gas ia readily soluble in water, ■which 
at 10° takes up about 51 volumes, and at 20°, 36 volumeB, 
and forms a solution of tiie true Buljjhurous acid, H^SOj. 




I 



On strongly cooling tlie liquid, & crystalline hydrate, having 
the formula H^SOj-SHjO, and fusing at i", ia obtained. 
The solution possesses the characteristic odour of the 
gas; on heating it sulphur dioxide is evolved, altfaouglt 
prolonged ebullition is requb'ed to expel the last traces 
of the gas. Thfi liquid has a strong acid reaction, and 
wiien added to a carbonate it expels carbon dioxide. 
On exposure to the air it gradually oxidizes to sulphuric 
acid. Nascent hydrogen converts it into sulphuretted 
hydrogen; if treated with zinc and hydrochloric acid, the 
issuing hydrogen will blacken a strip of lead pai>er fi-om 
the formation of lead sulphide. If treated with zinc alone 
tho suljiliuroua acid ia converted into hypoaulphuroua acid. 



aULPHUE TRIOSIDE. S23 

HjSOj. Both the oxide aad the acid act as strong reduc- 
ing agents. Veiy email quantities of sulphur dioxide may 
be detected by its power of reducing iodic uoid to iodine. If 
a piece of paper coated with a mixture of starch paste sad 
iodic add be exposed to the gas, the reduced iodine will colour 
the starch intensely blue. If the amount of sulphur dioxide 
bo large, the moist iodide of starch will be gradually bleached, 
owing to the decomposition of water, the oxygen oonvertiug 
the BuIphui'Ous acid into sulphuric acid, and the Lydrogen 
combining with the iodine to form hydriodio acid, which is 
without action on starch. An acidulated solution of potafsium 
penaanganato is instantly decolorized by the gas or its solu- 
tion. In the ai-ts, sulphur dioxide is used to bleach woollen 
and silk goods, isinglass, sponges, straw, &c. It will he 
noticed that in all these bleaching actions sulphur dioxide 
acts in a manner diametrically opposite to that of chlorine; 
the one decolorizes by reduction, the other by oxidation. 
Sulphur dioxide is used to some extent as an antichlor, irom 
its power of decomposing water in presence of chlorine; 
fabrics bleached by chlorine are occasionally dipped in a 
solution of sulphurous oxide to remove tho laat traces of the 
halogen — 

H,SOj + CIj + H,0 = H,SOi + 2Ha. 
Sulphur dioxide is also used as a disinfectant. Tho wards of 
fever hospitals and the clothes of fever patients are sometimes 
purified by treatment with the fumes of burning sulphur, 
A solution of sulphurous acid or a sulphite is occasionally 
employed to stop acetous fermentation. Vegetable and fruit 
extracts, e.g., lime juice, are oftea "cured" by the so-called 
"bisulphite of lime" solution. 

Sulphurous acid is dibasic, forming acid and normal salts. 
The salts are usually prepared by passing the oxide into water 
in which the hydrat«i base or ite carbonate is suspended or 
dissolved. The soluble salts ai-e crystalline, and when solid 
are stable. In aqueous solution they gradually become 
oxidized to sulphates. 



I 



3. Sulphur Trioxide or Sulphuric Anhydndft^-Symbol 
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8O3 ; molecular weight 80. — This remarkflble substance may bo 
prepared by the direct oxidation of sulphur dioxitle under 
&6 influence of finely divided platinum. A stream, of 
oxygen from the gasometer (fig. 90) is passed thi'ough a 
strong aqueous solution of sulphur dioxide; the mixed gases, 




■when heated in contact with the platinized oabestoa in tha 
bulbed tube combine, and dense fumes of sulphur dioxide 
make their appearance at the exit tube of the apparatue. 
Sulphur trioxide may also be obtained by heating dehydrated 
acid sodium sulphate to low redness — 



Na 



Na ( 



Dehydrated ferrous sulphate, when similarly treatedj yields 
ferric oxide and a combination of sulphuric acid and sujphur 
trioxide, known as Nordhausen oil of vitriol, from the name 
of the place in. Saxony where the manulocture is carried on, 
Thia substance is used in the arts as a solvent for indigo. Its 



sids 
h«r I 







and relation to tlie dehydrated ai 

1 exhibited by tie following formulte;- 

H {o N.jo 

SO, } so, } 



NordhauBOE Sulphurio Acid. 
When the Nordhanaen acid IB gently heated it pai-ts with ti 
tiioxide, which may be condensed in a well cooled rec 

Sulphur trioxide may also bo obtained hj heating o 
oil of Tittio! with phosphorua pentoxide. Sulphur trioxide 
at ordinary temperature forms long fibrous crystals of a 
beautiful silky lustre. The substance is extremely Tolatile, 
Its sp. gr. is 1-9466 at 13"' (Morveau); it melte at 16°, and 
boils at 46° (Schultz-Sella^k). 

The liquid sulphur trioxide expands in a remarkable 
manner on heating. Between 25''ttnd io^its moan expansion- 
coefficient amounts to O'OOIT for 1° — i. e., more than J of that 
of the gases. When perfectly dry, solid sulphur trioxide 
may be handled with impunity, but it quietly absorbs water 
from the air, and then exei-ts a powerful corrosive action. 
When free from moisture, it has no action on litmus. Its 
vapour is resolred into sulphur dioxide and oxygen when 
passed through a red-hot tube. In contact with barium or 
calcium moooxide heated to low redness, barium or calcium 
sulphate is formed with nyii incandescence. Sulphur 
trioxide dissolves sulphur, forming liquids which are 
variously coloured — brown, green, and blue — according to 
the proportion of the sulphur which they contain. The 
trioxide unites with iodine, producing a green crystalline 
compound, and absorbs nitrogen tetroxide, forming a white 
fusible cryataliine mass having the composition NO^SOj, 
When this substance h strongly heated it parts with oxygen, 
and is converted into a crystalline compound, H'50j2SOg. 
This body may be regarded as Nordhausen oil of vitriol, in 

• Tho Bp. |T. of the liquid trioxide is stated byBusay to bo 1'97 ftt 
S0°. Then u probably aome mietake in one or otlier ot these state- 
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THch the atoms of Kjdrogeri 
quantity of azotyl — 



i replaced by an equiTalent 



Nordhauacn Acid. Atobyl AnlydrosiilpliatB. 



lassmg 



The same comjiound may also be obtained by passing 
nitrogen tetroside vapour iato liquid sulphur dioxide — 

2S0, + 4S0, = (NO)jSjOj + N,( 
or by paaaing nitrogen dioxide over sulphur trioxide — 
2N0 + SSOj = (NO),SsO, + SO, 

It may also be foi-med directly by the action of inductioQ 
sparks upon a mixture of sulphur dioxide, oxygen, and nitro- 
gen, or by passing sulphur dioxide over strongly heated load 
nitrate. 

Sulphur trioxide absorbs dry ammonia gas, forming am- 

,15. [J 
nhJ" 

2NH3 + so, = N^H^O,. 



N^H-SOj, 



This substance is a white crystalline powder, pemianent 
' :, and soluble in water, from which it crystallf 



4 
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214. Sulphuric Acid— H,SO„ or |f ' I O^, molecular 

■weight 98. — This, the most important of all the acids, may bo 
obtained by the addition of wuter to suljtlmr trioxide. This 
substance in contact with water hisses like a red-hot iron 
from the energy of the combination. Sulphuric acid is also 
formed, as wo have stated, by the gradual oxidation of 
sulphurous ticid in aqueous solution. Accordingly sidphnrio 
acid is not unfrequently met with in the fi-ee state in tho 
waters emanating from volcanic districts. The discovery of 
Bidpliuric acid is generally attributed to Basil Valentine, but 
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I probability it has been known since tbe nintb cen- 
tury; the (irst correct tleacription of ita properties appears 
to Lave been given by an aichemiat named Domeaa, in 1590. 

Thn aciii was originally entirely made by beating dried 
ferrous aulpbate or green vitiiol, whence ita familiar name 
of oil of vitrioL This pixjcesa is still ean-ied on, among 
other places, at Nordhausen in Saxony, and at Piadnitz in 
Bohemia. 

The distillation is effected in the following manner : — 
A number of cylindrical earthenware retoi'ts, filled with 
the dehydrated green vitrol, are arranged horizontally in 
a furnace, and connected with earthenware receivers. At 
a bright red heat dense white vapours of sulphur tiioxido 
and sulphuric acid pass over into the receivers, and reddish 
brown ferric oxida remains in the retorts. This oxide ia used 
to some extent as a pigment, and is tnown tuidor the name of 
eolaolhar. A more economical process consisted in deflagrat- 
ing a mixture of nitre and sulphur in large glass jare, con- 
densing the fumes in water, and concentrating the liquid by 




Pig 100 
boiling in retorfa. Dr. Roebuck of Birmingham, in 17SC, 
Bubatitntfld leaden ves.'ipls for glass, and thereliy laid the 
foundation of the present method of manufacturing tliis acid. 
Immense quantities of sidphuric acid aro now made in this 
country; in South Lancashire alone more than 3000 tons ore 
weekly produced. The principle of the method at present 
nsed is identical with that employed by Roebuck. Sulphur 
t .dioxide produced from burning sulphur or by the combustion 
Rl)f pyrites is led into a largo leaden chamber and is mixed 
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widi niinuj]^ Amies &nd steam, and the acid liquid thoB 
obtained ia conoeiitiated by boiling. 

Fig. 100 shows the arrangement of a furnace much used for 
the condiuEtion ofsnlphur. The enlphor 13 introduced through 
the " hopper" on to the bed of the furnace, and by tho das 
admission of air through holes in the door, it is partially 
oxidised to sulphur dioxide, piirtly vaporized imcom- 
bined. The mixed vapours pass into the " comhaHtion 
oven," where they meet with a frefih supply of air, admitted 
by a side aperture, and are thus completely oxidized. The 
sulphur dioxide traverses the flues in the direction indicated 
by the arrows, and passes over the nitre pota containing a 
mixture of Chili saltpetre and sulphuric acid The nitrogen 
fumes and sulphur dioxide mW in the dome, and pass thencQ 
into the leaden chamber, where the reaction is completed. 

Fig. 101 showsone of the many forma of furnaces which have 
d for roasting the pyrites. From 3^ to 4 cwte. 




of ' lump sulphur 01 e is throirn into the furnace every twelve 
hours through the opening a, which can be closed by a sliding 
door, in which there is a small slit for the admission of air 
and for watching the progress of the operation. From time 
to time the mass of burning ore is stirred by a poker intro- 
duced at b (which can also be closed by a sliding door), to 
prevent it fusing together, and ta bring fresh surfaces in. free 
contact with air; when exhausted the ore, which now mainly 
consists of ferric oxide, ia raked out through the openings e. 
Tho sulphur dioxide passes into the flue lading to tho lead 
chamber; in this flue are placed tho nitre pots introduced 
through the openings e, which can be closed by shdingdo(n& 
The general composition of the pyrites employed may be tlm 
reprcscutcd — 



Bulphor. Iron. Lend. Copper. ArsKnic. Eilkft, &c. 
46-21 43'50 0-22 2-21 0'41 8'31 = flO'SO. 

In general about 3 per cent, of the sulphur remains imbumt 
in the ore. If the pyrites is aasooiated with calcium carbonate, 
the quantity of sulphur thus retained is considerably in- 
creased. 

The complete expulsion of the sulphur requires a high 
temperature. The first action of heat in presence of air effects 
the removal of a moiety only of the sulphur, the remainder, 
i, e., that existing as ferrous sulphide, being eliminated on in- 
creasing the temperature. Occasionally the gases are cooled 
before entering the chamber by passing through a pipe 
surrounded hy cold water. This preliminary cooling allows 
of the deposition of the mniT' quantity of the arsenic trioxide 
derived from the pyrites. 

The chamber in which the gases react upon one another is 
made of thin sheet lead, supported by a wooden framework. 
The sheets of lead are fastened to the woodwork by straps 
of the metal soldered to the sheets, which are cemented 
together by autogenous soldering, an oxyhydrogen flame being 
directed against the edges of the sheets until they are fused 
together. The bottom of the chamber is simply an immense 
leaden cistern, koia. 12 to 18 inches in depth, into which the 
sides of the chaoiiber fit in the manner represented in fig. 103, 
The floor sometimes rests directly on the ground, but more 
frequcEtly the chamber is supported on stone or brick pillars, 
the space underneath being occupied by the 
pyrites burners, or by the retorts employed 
to concentrate the acid. The size of tho 
chambers is exceedingly variable; i 
manufacturers prefer to usa very large 
chambers, othcra employ smaller ones, and 
work them insets. Fig. 102 represents 
the arrangement employed to draw off tho 
acid. The side of the chamber is fitted 
with a recess, tho end of which dips 1 
the level of the acid on the floor. The 
shorter limb of tho syphon, which is always maintained full 
of liquid, ends near the floor; the other end dips into the 
Tcsselj which is thus always filled with the acid. The liquid 
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Fig. 103. 



b drawn off by the pi]>o furnished ivItU a Etopcoefe; ito 
end tuma up within tlio tank, in order that the acid may 
bo drawn off witho\ib eediraent. Fig. 
103 repreaenta the arrangement, termed 
the diip pipe, by which the manufac- 
turer aaoertains the progress of the opci-a- 
tiona within the chamber. It eonsista of 
a leaden pipe, a, fitted into the side of 
the chamber, and terminating within it 
in a funnel-shaped aperture. The portion 
of the pipe, on the outeide of the chamber 
ia bent in the form of a, sjphon, and dips 
into a cylindrical vessel, 6, standing oa a 
shelf The arrangement acta preciaeiy 
like a rain guage; the condensed acid falls 
into the funnel, fills the pipe, and flows over into the vessel 
b, where the rapidity of its formation and its strength are 
determuied," 

The theory of the manufacture of sulphuric acid ia still in- 
completely understood. The reaetion which goes on in the 
leaden chamber may he thus generally stated : — In the firat 
plaee, the sulphur dioxide and nitric acid react upon each, 
other to form sulphuric acid and nitragen teti'oxide — 

(I,) SOi + 2HN0a = SO.H, + NjO*. 
In presence of steam the tctroxide is resolved into nitric acid 
and nitrogen dioxide — 

(2.) 3N,0i + 2H5O = 4NO3H + 2N0. 

The nitric acid ia again reduced by sulphur dioxide in 

accordance with equation (1.), whilst the nitrogen dioxide in 

contact with atmospheric air takes up an atom of oxygen, 

and is converted into nitrogen trioxide — 

13.)2NO + = N,03. 

Nitrogen trioxide, in contact with eulplinr dioxido and 
steam, is immediately convei'tcd into sulphuric acid and 
nitrogen dioxide, which again takes up oxygen and transfers 
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it to a second molecule of anlphur dioxide; a Biaall quantity 
of nitric acid vapour being tbuB theoretically able, in 
jirusence of steam and atmospheric air, to convert an iude- 
finitely lai'gG quantity of sulphur dioxide into Hulphuric acid — 

<4.) NjOj + SO, + H,0 = SO.Hj + 2K0. 
Tlie primary action of the sulphur dioxide upon tlw 
nitric acid has been otherwise Btatcd. The mutual 
action of the two substances results in the formation 
of a white crystalline compound of the composition 
SOj i -,„3 which is decomposed by the steam into sulphuric 
and nitrous acids. The last named substance is quickly re- 
solved into nitnc acid and nitrogen dioxide (see p. 202). and 
thus brings about the oxidation of fresh portions of sulphur 
dioxide. The formation of these white crystals (the so-called 
chamber crystals) is thus supposed to play an important part 
in the manufacture of the acid. The mutual action of the 
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sulphur dioxide, niti-oxygen fumf!, and stcnm may ' 
illoatrated by means of the apparatus seen in fig, lOi. Tha 
glass globe A, representing the leaden chamber, is filled with 
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led fumes, by sending into it a quantity of nitrogen dioxide 
evolved from nitric acid and copper contained in the flask b. 
Flask l> is removed, and flask c, containing copper and oil of 
vitriol, is heated, and the evolved sulphur dioxide is delivered 
into A. The sulphur dioxide and nitroxygen fumes act upon 
each other, and a thin crystalline crust forms upon the surface 
of the glass. If steam be nov driven into the chamber from 
the flask i^, the white substance 'will be decomposed, and the 
atmosphere within the globe will be rendered completely 
colourless. On blowing air into A, red fumes will again 
make their appearance, and these will again be destroyed in 
contact with fresh sulphur dioxide. The acid liquid at the 
bottom of A. will give all the reactions for sulphuric add. 

Whatever may be the exact nature of the reaction, it ia 
evident that it requires the use of large chambera — (1.) 
Because to obtain any considerable weight of acid it is 
necessary to operate upon large volumes of gases; and (2.) 
Since the air contains only one-fifth by volume of osygen 
the gases become diluted with a large bulk of nitrogen, 
derived partly from the pyrites bumera, and partly from that 
admitted to oxidize the nitrogen compounds. Although, 
theoretically speaking, a small quantity of nitric acid or 
nitrogen dioxide should convert an indefinitely large quantity 
of sulphur dioxide in presence of water and air into aulphurio 
acid, yet in practice it is found necessary to continually send 
into the chamber fresh quantities of niti-oxygen fumes. The 
dilute Bulphuric acid, absorbs a certain proportion of tibese 
gases, whilst a second portion is swept out of the chamber 
along with the escaping nitrogen. Formerly the waste 
nitrous fumes were allowed to escapo directly into the oil, 
but in many works they are retained and re-utilized accord- 
ing to the plan proposed by Gay Lussac. This consists in 
absorbing the vapours at the exit end of the chamber by 
means of eulphurio acid, of specific gravity 1-76. On treat- 
ing the product, technically tidied " nitrous sulphuric acid," 
with steam, the nitrons firaies ai-o expelled, and may be again 
Bent into the chamber, the diluted sulphiuic acid being of 
course again concentrated. 

All the essential parts of a snljiburic acid chamber are repn- 
sented in the Fi'ontispiece — a a are the bumei's, b contains the 



BULPnCEIC ACID. 338 

Chili saltpetre to he placed in the flue of the burner, c is the 
pipe through which the gasea pasa into the chambers, d is the 
steam boiler, e is the exit pipe, / is the denitrating tower, and g 
the arrangement in which the denitrution of the oil of vitriol is 
effected. The sapply of steam into the chamber ia so regulated 
that the speciflc gravity of the acid is about 1-60. It ia found 
that if the strength be allowed much to exceed this point the 
liquid absorbs considerable quantities of sulphur dioxide and 
osidea of nitrogen, and, moreover, attacks the material of the 
chamber. As soon, tlierefore, aa the " chaniber acid" attains 
the above density it ia run off into leaden pans, and con- 
centrated by heating, either from above or from below, until 
its specific gravity ia raiaed to I^'TO.* Other methods of 
concentration are occasionally made use of. Sometimes the 
heated sulphur dioxide from the bumei's is made to pass over 
the surface of the acid, whereby the uitroua fumes which it 
contains are again sent into the chamber, together with tha 
aqueous vapour. 

The further concentration of the acid ia effected in largfl 
platinum or glass i-etorta. Fig. 106 rcpi-eaents a platdnum 
retort. The acid ia syphoned over from the pan a through 
the bent funnel tube b fitting into the hood of the retort. 
The ayphon c ia maintained constantly full of liquid; oa 
lowering the vessel d to the level of the spout the acid runa! 
over into the tube. The hot concentrated acid is drawn affj 
by a syphon e, surrounded with cold water, whereby it is 
cooled, and is transferred directly to carboys. The glass 
retorts employed in the concentration are represented in fig, 
105. They are simply glass vessels placed in metal pots con- 
taining a Kttle sand, and fitted with a movable neck, &om which 
leads a pipe where the acid water ia condensed. The acid as 
run. into the retort has invariably a dark brown colour, from 
the presence of carbooaoeotis matter. After several hours' 
boiling it becomes colourless, from the action of the strong 

• It appears that tlio composition of tlio load employod in the 
mannfaotare of the pans oierta a remarkable influence npon their dura- 
bility. Pure soft lead seems to be more rapidly acted upnii than ths 
harder metal. By the addition of a smaH ijiiantity of antimony the 
pans appear to withstand the action of the acid for a longer period. 
Compare Hasenclever, Ber, Deut. Chs.m. Qeaael., 1872, 
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d upon the oatlxin, wliich. is tliereby coaveried into carbon 
'.de at the expenBe of a small ]M>rtion of the suliiliuric 
which is reduced to sulphur diosido. 
Pure sulphuric acid is a coloui'lcss, oily, odourless liquid of 
I'-Bp. gr. l-85i at 0°. It boila at 338°, and freezes at 10-5°. 
iThe fitnmg acid ia exceedingly hygroscopicj when exposed to 
Hxe air it rapidly increases in weight from the absorption of 
atmospheric moisture. Hence it is frequently used as a 
desiccating agent From its powers of abstracting water it 
is often employed in chemical actions; thus, oxalic acid, wjiea 




Iwith the btiong ml is ii uUfd into carbon dioxide 
and carbon monoxide {p 25IJ) formic acid is converted directly 
into carbon monoxide (p 250), alcohol mto ethene (p.21'J), die 
Absolutely pure sulphuric acid — i. e., acid of the composition 
E1SO4 — cannot be prepared by simply boiling down a weaker 
acid under any preBSure, at least not under from 3 to 300 centi- 
metres of mercury, an acid of the composition HjSO^j^ijHaOj 
or 12S0j . 1 3HaO, being invariably obtained by this treatment. 
The same result is obtained if this hydrate be mixed with 
Bulphur ti'ioxide and vediatilled. If this acid (HjSO„'iHaO) 
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ixposed to a low temperatui-e, pure H^Oi cnyetaUiza 
out The ciyBtala melt at 10° -5, and wben gently heated 
evolve Bulphur trioxide, and vhen boiled form the original 
hydrate, HjSOj.^HjO. It in unnecessary to assiune 
the existence of a Etable molecule of the compoaitioQ 
12SO,13H,0 to account for this phenomenon. When the 
vapour of sulphuric acid is heated to a moderately high 
tempei-ature it is dissociated into H.O and SO,, and it is 
possible that in liqsiid sulphuric acid some of the molecules 
may possess the state of motion corresponding to a tempera- 
ture above that of dissociation. The liberated molecules of 
H,0 and SO, would in all probability unite with the un- 
changed molecules of HjSO, to form compounds of the 
fommlffi H^SO^irHnO and HaSO.jcSOp If we further assume 
that the latter combination is the less stable, on heating, the 
trioxide will predominate in the vapour in proportion to 
the temperature of the liquid — (Dittmar) 

A great development of heat ia occssioued by mixing the 
concentrated acid with water; on adding 4 pajlB by weight 
of oil of vitriol to 1 part of water the temperature riaea 
from 0° to 100°. On again cooling the mixture to 0° it ia 
found to occupy a less volume than the sum of the volumes 
of the components. The maximum amount of condensation 
ia about 8 per cent. This amounts to a degree of hydration 
corresponding to the formula H^SO^ . 2HjO. A second 
definite hydrate is known of the composition H.SO^ . HjO, 
It is readily obtained by diluting the strong acid until it has 
a specific gravity of 1'78. On cooling the liquid to about 
7°, it sohdifica to a mass of rhombic crystals; hence it ib 
frequently called glacial sulphuric acid. It boiia at 205', 
Both these hydrates produce intense cold when mixed with 

The commercial oil of vitriol invariably contains lead sul- 
phate, derived from the action of the acid upon the matemi 
of the chamber and concentrating pans; not unfrequently it 
also contains arsenic (derived from the pyrites), nitn^pn. 
oxides, and sulphur dioxide. The lattei' impurities may be 
detected by shaking a stoppered bottle half filled with the 
acid, and testing the aii' with a slip of iodized ataroh 
puper. If tlie lower oxides of niti-ogen are preaent 
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the paper will be quickly turned blue, &oin the liberation of 
tbe iodine and the formation of tbe biue iodide of BtArch.; if 
Bulpliui- dioxide be also present, the blue coloration will be 
gradually desitroyed. The acid may be purified from lead 
sulphate and oxides of nitrogen by simple redistillation after 
the addition of a small quantity of ammonium stilpbate. At 
about 400" the vapour of the acid ia resolved into sulplur 
trioxide and water, and at a red beat tbe former compound is 
further decomposed into sulphur dioxide and oxygen (see 
p. 325). This decomposition has been proposed as a method 
of obtaining oxygen. The acid ia allowed to drop upon 
strongly heated bricks, and the resultant gaaes are passed 
through water, by which the steam and sulphur dioxide aro 
retained, the oxygen remaining unabsorbed. This, after all, 
ia only a circuitous method of obtaining oxygen from the air, 
the sulphur dioxide having been originally made and oxidized 
by atmospheric oxygen. 

Sulphuric acid is dibasic : it contains two atoms of replace- 
able hydrogen. Two series of sulphates are accordingly 
obtained. Thus, in the case of sodium we have — 

Acid Sodium Sotpbnte or Sodium Hydrogen Sulphata, NaHSOj. 

MoDOSodiimi Sulphate, Na,SOi. 

The greater number of the sulphates are soluble, crystal- 
lizable salts, and many of them occur native. The moat 
insoluble of the series are the lead, calcium, strontium, and 
barium sulphates. The production of tbe last named salt is 
used as a, test for sulphuric acid. On adding a solution of 
barium chloride to the acid, or to a solution of a sulphata, f 
a dense white precipitate of barium sulphate is obtainsd. . ( 
All sulphatca, when heated with charcoal and sodium carboiL- 
ate in the reducing area of the Eunaen flame (p238), yield 
sodium sulphide, the presence of wbidi may be recognized by 
the black stain of silver sulphide obtained by placing the 
fused mass upon a silver coin, and moistening it with a drop 
of water. 

216. Eypoanlphnrous Acid, H^SO,. — This acid, discovered 
by Schiitzenberger, and termed by him hydi-asidphurous 
acid, may be obtained by dissolving zinc in an aqueous 
solution of sulphin'ous acid — 

H5SO3 + Zd = H-SOj + ZnO 

10,— YPL. ? T 



836 IHOAGANIC C'UEMISTRY. 

It will be seen that no hyilrogen is evolved in the reaction. ! 
Tiie Bolution becomes yellow as the metal dissolves, and | 
jioBsesBeB greater bleaching powers than aulpliurous acid, a.s 
the following equations indicate (compare p. 323) : — 

H,SO. + 0, = H,SO., 

HjSOj + = HjSO,. 
Hyposiilphurous acid acta as a powerful reducing agent, 
precipitating meivury and silver from their Boliitiona. The 
readiest method of preparing it consists in immersing zinc 
clippings in a concentrated solution of acid sodium sulphite. 
The zinc rapidly dissolves with fonnation of zinc sodium 
sulphite, NajZn(S03)2, which separates out. The supernatant 
liquid is decanted into a flask, which can be well closed, and , 
is mixed with three or four times its volume of strong 
alcohol. The gi-eater portion of the zinc sodium sulphite, I 
still left in the solution, rapidly crystallizes out; the clear 
liquid ia again decanted off into a flask, which should be 
qidte filled with it, and then closed by a well fitting cork. 
In a short time the liquid will solidify to a mass of colourless 
needles of sodium hyposulphite, KaHSO^. This substance 
is very imatable; it rapidly absorbs oxygen from the air, 
even when dry, and is thereby converted into sodium hydro- 
gen sidphite, NaHSO^ lia solution bleaches rapidly, and 
Induces many metallic salts. To isolate the acid, the eatt 
in a:queous solution is decomposed by oxalic acid. Th* 
solution of the acid possesses a deep orange colour, it 
bleaches strongly, and rapidly decomposes on exposure to 
air from the absorption of oxygon. 

Sia ThioBttlphuric Acid, H^SgOj, or ^^ I SOy This 

acid, originally and still commonly called hyj>osjdphuTOa» 
acid, mtiy be i-egaiiled aa sulphuric acid, in which a moietj 
of the hydroxy], HO, has been replaced by tlio radical 
Bulphydryl, HS; indeed, it may be obtained by the Biilphui*-' 
tion of sulphurous acid, just aa the oxidation of that axaA 
produces siUphuric acid. The acid itself cannot be pre- 
served in the free state. On adding hydrochloric acid to >. 
Krijiition of the sodium salt, the liberated thiosulphuroua gadr 
is (]iiii;k]y resolved into sulphur and sulphurous acid — 



CITHIOSIC ACID. i 

Tn very dilHte aoliitionB, however, tlie decompoaltioa ia 
not POKiplete even after a long time ; after (many weeks' 
Btanding, the liquid still gives the reactions of thioaulphurio 

The thiosulphates may be obtained by digesting sulphur 
with solutions of the sulphites — 

NsjSO, + S = Na,SaO; 
— or by boiling Bul]>hur with a solution of an alkaline hydi-ate, 
an alkaline pentaaiilphide being simultaneously formed— 

3CaHjOa + S,s = CaS,03 + 2CaSg + 3SJ3. 
On exposing the deeply coloured solution to the air, it grado^ 
ally becomes colourless, sulphur being deposited, and a furtht 
quantity of t!iiosu!phate being formed— 
CaSj + 0t= CaS,0, + 
Advantage is taken of this reaction to make sodium tbio- 
sulphite (the most important salt of the series) fixim gas 
lime refuse and alkali waste. The resultant calcium salt is 
decomposed by sodium sulphate or cai'bonate. Sodium 
thioaulphate ia largely used in photography, on account of 
its power of dissolving certain insoluble silver salts, e.g., 
silver chloride, which have not been acted upon by light. 
It is also used to some extent as an antichlor — that is, as 
an agent for removing tho last traces of chlorine from 
bleached fabrics, 

Thiosulphuric acid may be distinguished from sulphurous 
acid by the precipitation of sulphur which accompanies 
the liberation of sulphur dioxide when a thioaulphate ia 
treated with hydrochloiic acid. Moreover, when a thiosol- 
phate is mixed with iodine solution an iodide and a tetra- 
thionate are simultaneously formed — 

2NaiS,03 + I, = 2NaI + N%S,0,. 

Very minute quantities of a thioaulphate in solution may bo 
detected by the deep red coloration afforded by the addition 
of a solution of a ruthenium salt rendered alkaline by 
ammonia. Treated with zinc and hydi-ochloric acid, thio- 
Buljihates yield free sulphur and sulphuretted hydrogen. 

217. Dlthionic Acid, H^SjOa. — A manganese salt of this 
acid may be obtained by passing a stream of sulphur dioxide 
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tlu-ough water eoataming finely divided manganese dioxide 
in BttspeuBion. The liquid must be kept cold, othervrise but 
little maugancae tliUiionate will be obtained. Tbe liquid is 
mixed with bai'ium hydi-ate, wbiuh precipitates manganoua 
Hydrate, togetber witi any sulpburic acid which may be 
simaLtaneously formed. The filtered solution of barium 
dithonata is caa-efuUy deooipposed by an equivalent quantity 
of sulphuric acid. The solution of the libei'ated dithionic acid 
may be concentrated in. uoowo over oil of vitriol, until it 
attains a density of 1'3J:7, beyond which it cannot be concen- 
trated without deoompoaition iato sulphuric acid and sulphur 
dioxide — 

HjSjO, = HgSO^ + SO^ 

In contact with the air the strongly acid Bolution is 
gradually oxidized to sulphuric acid. 

The dithionates may be obtained by decomposing the 
barium salt, obtained as above, by the sulphate of tbe wished 
for base. All the adts are soluble in water, and may 
generally be obtained in well defined crystals, which aro 
pennaneat in the air, Their solutions, mixed with hydro- 
chloric acid and iieated, ai'e decomposed, forming sulphur 
dioxide and sulphuric acid without precipitation of sulphur. 

S18. Trithionic Acid, HjSaO,, is obtained as a potassium 
Bait by warming a solution of aoid potaasiiun sulphite with 
Bulphnr. The reaction in all probability occiu-a in two stages; 
the first phase consisting in the production of potassium tiiio- 
Bulphate — 

KjSOa + 3 = K^A. 
the tiiiosulphate thus formed being converted into the 
trithionate by tbe action of sulphur dioxide — 
SKjSjOa + 3S0, = 2K,BA + S- 
In fact, this salt may be prc])ared by tbe direct action ot 
sulphur dioxide upon a solution of an alkaline thioaulphate. 
The acid itself is pei-maneut in dilute solutions, but on con- 
centration, even in vactu>, it is resolved into Bulphur, 
BulpUurous acid, and sulphur dioxide — 

2H,SaOu = S + EHjSOj + 3S0,. 
The trithionatea are soluble, unstable salts. On heating, theur 
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BolutioHB aro dccoinposed into sulphates, witli evolution of 
aulpliur dioxide and precipitation of BulpliiU". 

319. Tetrathionio Acid, HgSiOg, may Ije obtained aa a. 
barium salt by the addition of iodiue to haiium thioaul- 
phate — 

2BaSsO., + I, = Bor, + mSfie. 

Barium thiosulphate is suspended in a smaJl quantity rf 
vater, and mixed with iodine in small successive poi-tiona. 
On the completion of the reaction the mass of finely divided 
crystals ia ti'eated with alcohol, wliich dissolves the barima 
iodide together with the escess of iodine. The barima 
tetrathionate remains as a fine white jiowder, which may be 
purified by recrystaUization from a small quantity of water. 
The acid may be obtained by decomposing the barium salt by 
an equivalent quantity of sulpbiirio acid. It ia only stable in 
dilute aqueous solution unexposed to the air. The potassium 
t«tratliionate is distinguished from the corresponding salt of 
tb.e other polythionio acids by its reaction witJi potassium 
monosulphide, which converts it into potassium thiosulphatftii 
with separation of sulphur — 

Kj3jO, + K^ = 2K^,0, + S. 

220. Pentathionic Acid, H^jOb, may be obtained by 
mutiuil action of sulphuretted hydrogen and sulphurous a 
A stream of sulphuretted hydrogen ia passed into a strong 
aqueous solution of sulphurous acid, the liquid is filtered and 
digested with metallic copper until it becomes clear, the 
dissolved copper is precipitated by sulphuretted hydrogen, 
and the filtered liquid is concentrated in the water bath 
until it acquires a density of 1*3. It may be further con- 
centrated by evaporation in vatmo until it has a density of 
I'6. The solution is permanent at ordinary temperatures, 
and possesses a strongly acid, bitter taste. On heating, it is 
resolved into sulphuretted hydrogen, siiljihiir dioxide, sulphur, 
and sulphuric acid, Pentathionic acid may also be obtained 
by treating lead dithiouate with sulphuretted hydrogen, or 
by acting upon sulphur chloiide witli Bulphurous acid. 
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COMBINATIONS OF CAKBON AND StTLPnUH. 



231. Carbon Bisulphide, Symbol C8j,— TLis componni?, 
also termed sulp/wearbonie acid, from its analogy to caj'boa 
dioxide, was discovered by Lampadiua ia 1796. It may be 
obtained by tlio direct union of its elemunts. If charcoal is 
heated to reducaa in an. atmosphere of Biilplmr, the two sub- 
Btancea rapidly combine to form carbon bisulphide. Kg. 107 
represents a form of apparatus employed for the production 
of the bisulphide on the large Ecole. The charcoal is heated 
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in the metal cylinder A, suppoited in the fui-mco B At 
the bottom of A is a Bido tulfo c, v/hidi t'ln l>e closed by 
a lid, tbroiigh which eulplnu la occaaioiially tbiown Tlio 
vesael D sei'ves to i-ctam any iincombmed sulphm Tho 
cylindrical drams E F 0, which aio surrounded by wat^-, 
effect the condensation of the bisulphide which fiom time to 
time is drawn off thioUjjh tho cock I-. The non condeiudlila 
gasea make their esca|)0 thiou^h the pipe K 

Carbon bisulphide is a colouiles.'i, mobile, highly I'efmctivB 
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Hqnid of sp. gr. 1'293 at 0°, It ia extremely Tolatilo, ancn 
boils at 46°. Its vapour, mixed with air, ia highly cxploaivehB 
A glass rod heated to about 1 50°, and plunged into the mixtiir^^ 
occasions this explosion. This temperature ia inaufflcient '^ 
to effect the union of oxygen and hydrogen. Carbon bisul- 
phide ia very inflammable, and bums with a blue flame, 
producing the dioxides of sulphur and carbon. As ordinarily 
prepiired, carbon disnlptide possessea a most disgusting smell, ■ 
due to tlie presence of small quantities of indeterminate suI-J 
phuretted compounds, but when rectified it has a faint etbereijfl 
odour, resembling that of chloroform. It is almost insolublefl 
in water, but mixes readily ydth alcohol and ether, ■ 

The applications of carbon bisulphide in the ai-ta mainlyjH 
depend upon its powers aa a solvent. It rapidly diasolT^M 
Bulpbur, iodine, phosphorus, and many gums and resins, suclfl 
lis caoutchouc and gutta percha. It ia largely employed i^M 
the vulcanization of caoutchouc, and as a substitute for ethe^fl 
iu tho e}:traction of quinine and otlicr alkaloids. It is a^B 
excellent solvent for oils and fatty matters. The aromatiiJ 
principles of flowers and seDda, and the active agents in spice^fl 
&c., may be extracted unchanged by meaiia of carho^l 
bisulphide. M 

The vajxHir of carbon bisnl])hide exerts a very depi-esBiiujH 
eScct when breathed in quantity. Even when largely dilute^B 
with air it occasions headache and nausea, Its poisononflH 
property may be taken advantage of to remove insects from! 
grain, ic. If a few cubic centimeti-es of tho liquid are 
spnniled over the grain, the insects are quickly expelled, and 
their larva; and ova are killed. On exposing the grain to the 
air, the last traces of the bistdphide are quickly disaipated»_ 
Eraailian houses are not unfi-cquently infested with a laiW 
burrowing ant, termed the savba, which excavates beneath 
tlie foundations, and endangers tlieir stability. Tho vapooj 
of carbon bisulphido has been found to bo a most effectu ' 
agent in elTcoting the dislodgiuent of these insects. 

Carbon bisidphido vapoui-, passed over many metallic oxidai 
heated to redness, forms the oorres]ionding sulphides. Thea*« 
are frequently crystalline, ami resemble the naturally occur- 
ring minei-als. A mixture of carbon bisulphide vajwur 
and sulphuretted hydrogen, when passed over nietJJIio 
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d b> redoes, jields copper sulphide and mai^ 

CS, + 2H^ + Cn, = iCajS + CH^. 

Tide reaction is interesting, inasmncli as it vaa made lyj 
Berthelot the starting point in a series ttf ajnthesee o£ organio 
compounds from inoi^anic sources. 

When moist (xu-bon btsnlpbida is exposed to Bnnliglit a 
brown, amorplious, odourless powder is obbtined, wldch ap- 
pears to possess the composition of carbon aegquigjilpkidt, 
C^g. It is decomposed when heated to about 300°, but is 
soluble without decomposition in a hot solution of caustiQ 
potash. It is insoluble in alcohol, ether, and carbon bisut 

Carbon bisulphide acta upon sodium amalgam when the 
two substances afe agitated together If, on the completion 
of the reaction, the mnsa be thrown into water, and the dark 
rod solution be filtered, heated with sulphuretted hydrogen 
to precipitate the mercury in solution, and then poured into 
dilute hydrochloric acid, sulphuretted hydrogen is disengaged, 
and a red flocoulent precipitate is obtained, possessing, when 
pui'tfied, the composition CjSjHy This substance may be 
termed hydrogen carhoseaquisulphide; or, since it ia analogous 
to glyoxalio acid, C5O3H3, it may also be called tAwglj/oxoHe 
add. The acid melts at about 100° ; it ia slightly soluble in 
ether and alcohol, and readily soluble in carbon bisulphide 
and alkaline sulphides, Wten heated with ammonia, and 
subsequently with chlorine, it yields carbon sesquisnlphide 
(0. Iioew). Carbon bisulphide unites with many metaUlfl 
Bulphiilcs to form combinations termed sulpkoearbantUea, 

\ CaO + CO, = Ca OOj. 

I Ca3 + CS, - Oa CSj. 

The Bulphocarbonates of the alkalies and alkaline e 
are soluble, crystalline compounds. When heated with hydro- 
chlorio acid, su^hoca/rhonio acid, HjGSg, is obtained as a yel- 
low, oily liquid. 

Ca/rbon monomt^hide, CS, con-osponding to carbon moo- 
oxide, has not yet been prepared. The statement of Baudri- 
mont^ that it may be obtained by passing the vapour of tha ^ 
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diBuIphide over red-hot spongy platinimi or pumice, has been 
disproved by Playfair. 

323. Carbon Oxyanlphide, COS— Density 30.— This Bub- 
Btance, discovered by Than, and believed to exist in certain 
hepatic waters, may be obtained by the direct imion of carbon 
monoside and sulphiir at a red heat. The gas ia absorbed by 
alcoholic potash, from, which it may be liberated by the addi- 
tion of hydrooUoric acid, It ia more readily prepared by 
gently heating potflisaium sulphocyanate with dilute sulphuric 
or hydrochloric acids. The liberated aulphocyanio acid is re- 
solved into ammonia and carbon oxysulphide; — 

CHSN -(■ HjO = KHa + COS. 
After purification from accompanying hydrocyanic and 
fonnio acids, and carbon bisulphide, the oxysulphide 
possesses an aromatic odour, mixed, however, with that of 
sulphuretted hydrogen. It burns in the air with a light 
blue flame, yielding the same products as carbon bi- 
sulphide. With oxygon it forma an explosive mixture, and 
when heated to redness is decomposed into carbon mon- 
oxide and sulphur. Carbon oxysulphide is slightly soluble 
in water, to which it communicates a swootish taste; after a 
time ita solution ia decomposed with formation of carbon 
dioxide and sidphurettod hydrogen. The eame decomposition 
ia immediately effected by dilute alkaline solutions; thus with 
jjotassium hydroxide — 

COS + 4KH0 = COaK, + Kj8 + 2H,0. 

Carbon oxysulphide exerts no action upon salts of lead, 
copper, and sdver, in neutral or acid solutions. When 
moist the gas is decomposed by mercury or finely divided 
copper and silver with formation of their respective sulphides. 
It is rapidly decomposed by sodium, even in the cold, and at 
a red heat with such violence as to occasion an exfJosioD. 
Carbon oxysulphide unites directly with dry ammonia gas to 
form ammonium oxyeulphocajbamate — 

COS + 2NHa = CHiKSO . NHa- 
By heating with water in a sealed tube this compound is 
i-esolved, by the elimination of the elements of water, into 
n aidphocyanate — 

CH^SO . NH, - HaO = OIQIS . SEy 
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By treatmont %rith a lead compoimd tte elements of snl- 
]iliurettod Iiydrogeii are expelled, imd urea is produced — 

CH„Nso.Nir, - ir^s = ch,n,o. 

Carbon oxyaulphide may indeed be obtained fi'om urea Ijy 

lietttiiig that substance with carbon bisidpliide to 110", 

ammoaium sulpLocyanate being simultaneously formed- 

CH.N,0 + CS, = COS + CSNH.SH,. 



iinc^^ 



COJIBINATIOKB OP SOLPHOR TdTH THE EALOQBire. 

Chlorine is beliovcd to ujiite with sulphur in three diHtjiii 
proportions, although only one of the combinntiona has been 
satisfactorily iBolatod. The two elements slowly unite oven 
dt the ordinary temperature ; at a gentle heat combiuatioii 
Jiroooeds very rapidly. 

22a. Sulphnr Monochloride, SaClj— Vapour density 67-0. 
— This, the most stable combination of chlorine and sulphur, 
is readily obtained by jiassing a stream of dry chlorine into 
melted sulphur, or by heating a mixture of sulphur and 
mercuric or stannic chlorides. When rectified from excess of 
sulphur or chlorine it forms an amber coloured liquid of 
a penetrating odour, fuming strongly in the air, and boiling 
at 130°. Its epecific gravity is 1-687. It is gradually 
decomposed by water into sulphur, hydrochloric and thiosul- 
phuric ocida. Tiie last named acid is subsequently resolved 
into aulphar and sulphurous acid — 

(1.) 2S,C1, + 3H,0 = 4HC1 + S, + H,S,0,. 
(2,) HjSjU, = S + H,SO,. 
Sulphur monochloride is an excellent solvent for sulphur, 
a property which lends to its employment in the vulcaniai- 
tiou of caoutchouc. At ordinary temiicraturcs a saturated 
solution contains nearly 70 [xir cent, of Biil]>1iur. 

284. Snlphnr Dichloricle, SCL. — ^\Vhcn the monocldorido 
in heated with chlorine it gmdually darkens in colour until 
it becomes brownish red. When subjected to distillation it 
pai'ts with a quantity of chlorine, and enters into ebnllitioa 
at aixiut 64°. It appeai-s, however, to bo veiy easily decont- 
I>oBe(l, and cannot be separated from the a<!Companying 
monochloride by fi-actional distillation. If, however, sulphur 
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monochloiide contained in a freezing mixtnre is saturated 
with dry chlorine, the excess of the hnlogen being afterwards 
cspclleil hy a, current of dry COj, the liquid on analyaia is 
found to contain sulphur and chloiine in tlie proportion of 1 
atom of 8 to 2 atoms of CI (Hilbner and Guerout). Cariua, 
Lowerer, states that thia dark red liquid is a, mixture of 
sulphur monoehloride and tetrachloride^SjCij + SCI, = 
SSCij. Siilphur dichloride appears to be stable when in 
combination. Thus, with arsenic tiichloride it forms a com- 
pound possessing the composition — 2AsCIs. SCl^ (Rose); and 
with etheue and pcnteno it forms— CjH.SCL, . CjH„SOL 
(Guthrie). 

Sulphur telraeldoride, SCI4. This compound is only knonn 
in combination with certain metallic chlorides, viz.: — 

2AlCl,,S01i. SSbCls.SSCQ,. SnCI..2SCl,, 
Similar compounds of bromine and iodine with sulphui 
believed to exist, but Tery little is known respecting them. 



226. Thionyl Chloride, SOCIj, may be regarded fiB & 
phuioua acid, in which tlie bydroxyl has been replaced I 
chlorine — 

so ) OH „„ J CI. 

°" i OH °'J I CI. 

Snlphuroua Acid. Thionyl Chlorido. 

It stands in exactly the same relation to sulphiuTJU 
that Bulphuryl dichlorido stands to sulphuric acid (infra 
It may be obtained by the action of phosphorus pentacLlor' 
on sulphur dioxide (Schifi), or by the addition of hype 
chlorona anliydiide to well cooled sulphur monoehloride. 1 
ia a colourless, strongly rofi-active hquid of a pungent odoursl 
it bus a sp. gr. of 1-675 at 0°, and boUs at 78°. " ' 
docompcsed by water, foi-ming sulphiu' dioxide and hy^ 
drochlt)rio acid. With ammonia it forms thianamid 

SO j ^[ + 2NH, = 130 i ]J^' + 2HC1. 



826. Snlphnryl Dichloride, SOgCL.— Tliia oompoimd was 
diacOTered by Regnatilt, ■who obtained it by the direct union, 
of sulphur dioxide and chlorine under the influence of sun- 
light. Wlien purified it ia a colourleaa, fi lmin g liquid, of 
gpecifio gravity 1'66, boiling at 77^ It ia decomposed by 
water with formation of sulphuric and hydrochloric acids — 
SOjCl, + 2II3O = 2Ha + H,SOj. 

227. Snlphnryl Dibromide, SOjEr^, is a white cryatallina 
Bubartance, which volatilizes unchanged, even at ordinary 
temperature, and is gradually decomposed by water, prodiw- 
ing sulphuric and hydrobromio acida. 

PyroavXphwryl Chloride or Chlorosulphiiric Oxide, 
SO, jci 
SjOjCL, = 

SO, )*^ 
may be obtained by the action of sulphur trioxide upon 
sulphur monochloride (Rose), or by heating sulphur tri- 
oxide with dry sodium chloride (Eosenstiehl), or by the 
action of phosphorus pentachlo^ide on sulphur trioxide " 
(Michaclis), or togetlier with phosgene gaa by heating cai'bon. 
tetrachloride with sulphur trioxide (Schtitzenberger). It is 
a colourleBS, oUy liquid, of specific gravity 1'819 at 18°; it 
bods at 146°. It dissolves slowly and quietly in. water, 
forming hydrocliloric and sulphuric acids — 

SjObCI, + 3H,0 = 2HC1 + SH.SOj. 
The corresponding bromine corapoitud may be obtained by 
heating hromofonn with sulphur trioxide (Armstrong), 

2S8. Sulpliuryl Hydroiyl Chloride, SOjJq^.— This 

compound, which was discovered by Williamson, may be re- 
garded as sulphuric acid, in which one atom of chlorine 
replaces an eqiuvalent quantity of hydroxyl. Its relation to 
Bulphuryl dichloride on the one hand, and to sulphuric a 
on the other, will be seen from the following formulEo — 

so.jg. so.ig= so.|og 

Sulphurfl Dlchlorids, Bulphurjl Hj'droiyl Chloriilo. Sulphuric Acid. 

* According to Williamaan, these aubstuicea giva riao to Bulphnrrl 
diohlorideandphosphoryltricbioride — SOa+ FO, = SOjClj + POOL. 
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Sulplmiyl-liydi'oxyl chloride may be obtained by distilling 
a. mixture of strong aulpliuric acid and phosphoryl chloride — 

ESO.H, + POCTa = 2803Ha + POjH + HCl. 
Or, accoi-ding to Dewar and Cranston, by passing hydrochloric 
acid into Nordhanaen oil of vitriol. It posBesaes a. specific 
gravity 1766 at 18°. It boDs at 158°; at about 250° its 
vapour appears to sufl'ei" disasaociation into SO, and HCI. 
It 13 violently decomposed by water, forming sulphuric and 
hydrochloric acids. When heated with carbon bisulphide it 
forms hydi-ochloric acid, sulphur dioxide, and carbon oxy- 
Bulphide — 

CS, + 3HClSOs = 3HC1 + ISO, + COS. 

329. A Bulphuiyl Hitryl Chloride, SO, | ^j^" is abo 
known. 

330. Trichloromethyl Sulpliuroiis Chloride, SOaCCl^, is 

produced by the action of moiat chlorine upon carbon 
bisulphide. It is a white cryataliine aubst^mce, insoluble in 
■water, soluble in alcohol and ether. It melts at 135°, and 
boila at 170°, It has an exceedingly irritating odour; it 
Bttblimes, oven at ordinary temperatures, in the form of 
colourless plates. With water it forms hydrochloric and 
sulphuric acida, sulphur dioxide, and carbon dioxide. Its 
alcoholic solution, reduced with sulphor dioxide, is snppoaed 
to give rise todec/doroniet/iyl tulphuroug chloride, CHCIgSOg (1). 

291. Carbon Salphoohloride, CSCJ^, the aiialogue ot 

phosgene gas, COOl^ is obtained, according to Eolbe, 
by the prolonged action of drj/ chlorine npon carbon 
bisulphide. According to Bathke, its formation ia facilitated 
by the presence of iodine, It is a. yellow hquid of penetrat- 
ing odour, which resists the action of water and fuming nitiic 
acid. It ia slowly decomposed by caustic potash, forming 
sulphide and carbonate of potassium, together with carbon 
tetrachloride. 

233. Ferchlormethyl Meicaptan, f,, ^ i 9, discovcrod by 
Eathie, is obtained, together with the preceding compound, 
by the action of chlorine upon carbon biaidphide in pi-eaence 
of iodine. It is a bright yellow litj^uid of a penetrating odoiu", 
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boilmg at 146°, and decomposing in presence of water, foim- 
ing hydi-ocliloric acid, carbon dioxide, and Bulpliur — 

CSCl, + 2HaO - CO, + 4HC1 + 8. 
Dilute nitric acid conTerta it into tiidiloromethyl aulphuroua 
cUluride. 



ceding coiii|iomid, is obtained by passing a mixture of silicon 
totrachlorido vajioiir and sulphuretted bydrogen througli a 
red-hot tuba — 

SiCI, + H,S = SiajHS -f HCl. 
It ia B, coloiirlcsa liquid, wbicb boils at 196°, and is decom- 
poBed by water, foiining sulphur, silica, and jiydixxJiloric 
( OCiHj 
acid. With alcohol it yjelda normal Bilicon ether, 8i^ 

334. Belenium— Symbol Se; atomic weight 79'5. — This 
substance was discovered by EerzeHua in 1817. It ia very 
closely related in its chemical properties to sulphiir, and 
indeed occurs associated with that element ia nature. It is 
found free in monoclinic crystals in certain parts of Mexico, 
and is a frequent impurity of native sulphur. Selenium ia 
occasionally met with in oil of vitriol obtained ti-om. crude 
sulphur. It also occurs in union with lead, copper, nickel 
silver, molybdenum, &c., forming selenides and selcnites of 
these metals. Selenium is principally extracted fi'Oin a double 
aelenide of lead and copper found in the Eartz, and from 
cei-taiu deposits occurring in vitriol chambers where seleni- 
ferous sulphur is constimed. 

Selenium occurs in vaiious allotropic modifications, resem- 
bling those of sulphur. 

235. Amorphous Selenium, obtained by the decompoaltioa 
of seleniuretted hydrogen, is soluble in carbon bisulphide. 
The amo)-phoiia vailety prepared by reducing selenioua acid 
by means of a current of sulphur dioxide, is insoluble in that 
liquid. On heating, both varieties liquefy at about 100°, and 
iiaaumo the plastic condition. Like the corresponding modi- 
fication of sulphur, the semi-solid aeleiiiitm may be drawn out 




into long, flexible, transpai-ent threads of a fine ruby -red colour. 
"When quickly cooled after fusion, eelenium forms a vitreoua 
mass of a deep brown colour. Thia modification baa a ap. gr. 
of 4-3, and is nearly insoluble in carbon bisulphide. The 
vitreous form of selenium remains unaltered at ordinary 
temperatures, and even after beating to 90°, for some hours; 
but when the heat is raised to 9G°, it rapidly passes into a 
crystalline state. This transformation is accompanied by the 
development of much heat, and by a change of colour from 
brown to bhuah gray. This modification, ■which melta at 
250°, and ia quite insoluble in carbon bisulphide, may also 
he obtained by exposing an alkaline selenide to the air. Its 
specific gravity ia about 4-8. Selenium is deposited fi-om 
carbon bisulphide in small monoelinic crystals, resembling 
those of sulphur. Their sp. gr. ia about 4-5. The leaden 
gray modification of selenium is apparently analogous to 
rhombic sulphur, the amorphous red variety to the modifica- 
tion of sulphur insoluble in carbon bisulphide. The specific 
gravities of these two modifications of seleuium differ from 
one another in the same direction as those ol the correspond- 
ing modifications of sulphur. 

At a temperature below a red heat, selenium is converted 
into a deep yellow vapour, which may be condoased to a 
finely divided scarlet deposit analogous to that of " flowers of 
sulphur." Its vapour density, like that of sulphur, is anoma- 
loufl at temperatures just above its boiling point; at 1420° 
it becomes normal. The vapour bui'ns with a blue flame, 
producing an oxide of selenium, possessing a highly charac- 
teristic penetrating odour, which has been compared to that 
of decaying horse radish. Selenium is insoluble in water, but 
dissolves to a slight extent in ctrong oil of vitiiol. In excess 
of oxygen gas it burns to seleidum dioxide, and on boding 
with nitric a«id or aqua regia, it ia converted into selenioua 
acid, 

336. Hydrogen Selenide, H^Se, may be obtained by pass- 
ing hydrogen and selenium vapoiir through a red-hot tube, 
or by acting upon fen'ous selenide by sulphuric acid. It is 
a colourless, inflammable gas, possessing a most intolerable 
oilour. A small quantity of the gas causes violent inflamma- 
tion of the eyes, and is said to iuip^ur the sense ol smell for 
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hours. It is soluble in water. Its solution has an acid 
reaction, and precipitates many metals as selenides. No 
Belenide of hydrogen corresponding to hydi-ogen pei-sulphide 
has yet been obtained. 

237. CoMBINATIOMS OF SELENIUM WITH OXYQEff, Three 

telenium oxides are bolieTed to exist, but only one ot them, 
TJz., selenima dioxide, SeO^ liaa been isolated. The charac- 
teristic odour emitted by selemuui when heated ia supposed 
to be due to the formation of an oxide, the composition of 
which is unknown. 

338. Selenium Dioxide, SeOj, corrospoading to sulphur 
dioxide, is obtained by burning selenium in oxygen, or by 
heating selenious acid {infm). It is a white, solid substance, 
wliich may bo obtniBed crystallized in priama. It is very 
hygroscopic. On heating it volatilizes without previous fusion. 
It b easily soluble in water, forming Seleslooa Add, 
SbO j QTj' Tliis siibstanee may bo obtained in pnsmatic 
crystals resembling those of nitre. It is a powei'ful acid, 
forming, like sulphurous acid, two classes of salts. Its aolii- 
tion is reduced by sulphur dioxide and stdphuretted hydrogen 
with deposition of selenimn; chlorine and potassium perman- 
ganate convert it into selenic acid. 

The oxide of selenium corresponding to sulphur trioxids 
has not been isolated. 

239. Selenio Acid, ScO^ | ^— The analogue of sul- 
phuric acid, may he obtained as a potassium salt by fusing 
selenium or the dioxide with niti-e, or by the action of chlorine 
or manganese dioxide upon selenious acid. It is a colourless 
liquid of specific gravity 3-6, boiling at about 280^ It ia 
very hygroscopicj and when mixed with water occasions a 
considerable liae of temperature. It dissolves iron and zinc 
with elimination of hydrogen. The stfong acid is rcdnced to 
selenious acid on boiling with hydrochloric acid with evoli^ 
tion of chlorine. 

HjStO, + 2HC1 = n^SijOj + CI, + H5O. 

Selonic acid is dibasic, and the selenates closely resemble the 
Loorre8|>onding sulphates, 



S40. C&rbon Selenide, CSe,, appears to be formed by the 
Cction of seleniui'etted hydrogen upon carbon tetrachloride. 
CClj + 2HjSe = 4HC1 + CSe,. 

241. Selenium Uouochloride, So^Cl., is obtained by the 
direct union of Beluniiim aiid chloiina, care being taken to 
maintain the former substance iu excess. It ia a dark yellow, 
oily, volatile liquid, decomposed by water, fonning hydro- 
chloric and selenious acids together with free selenium. On 
treating the monochloride with cscoss of chlorine it in cou- 
vei'tod into 

342. Belenitun Tetrachloride, SeCl„ a white, cryataUine 
substance whi'jh may be Bublimed unchanged. It is decom- 
posed by water, forming hydrochloric and selenious acids, 
SeCl^ + 3HjO = 4HC1 + 11^ SeOs. On exposure to moisture 
it ia converted into 

343, Selenium Ozychloride, SeOCl,, corresponding to 
thionyl chloride. This compound may also be obtained by 
dbtilliug selenium tetrachloride with selenium dioxid& It ia a 
light yellow liquid of specific gravity 2'44, boilaat 220°, andia 
decomposed by water into hydrochloric and selenioua acids. 

Selenium appears to combine with bromine and fluorine, 
hut nothing is known with certainty respecting these com- 
binationa. 

Selenium unites with sulphur in two proportions, forming 
Eulphidea analogous to the di- and tri-oxidcs. They are pro- 
duced by melting the two elements together in the proportionB 
demanded by the formulas SeS, and SeSj. They are yellow 
or red compounds, and may be vaporized unchanged. 

244, Tellurinm— Symbol Te; atomic weight 128.— This 
Bubstance was first recognized as a distinct element by Klap- 
roth in 1798. It is a somewhat rai-o body, occurring in but 
few localities. It is found in the free state, and in combina- 
tion with bismuth, lead, silver, &c. Tellurium ia a tin-white 
metallic looking solid. Its B]^)ecific gravity is about 6'1, 
like all the metals which approximate to the non-metals in 
chemical characters, it has a great tendency to ciystallize. 
It occurs native in rhomhohedi'al crystals, resembling those 
of bismuth and antimony. It ia very brittle, and may eadlY 

10. — VOL. I. Z 



1 



i 



INORGANIC CnEMlSTIlT. 

be reduced to powder in a mortar. It melts at about 500'. 
and at a higher temperature volatilizes as a greenish coloured 
vapour which condenses in crystalline needles. When heated 
in the air it takes fire, and buina with a bine flame, forming 
white fumes of tellurium dioxide. Tellurium is insoluble in 
water, but, like sulphnr and selenium, it dissolves in oil of 
vitriol, and is precipitated unchanged from its solution by the 
addition of water. 

245. Tellnretted Hydrogen, Ten,, is a gaa possessing a 
strong resemblance to sulphuretted hyilrogen, and obtained by 
treating a metallio telluride with sulphuric or hydrochloric 
acid. It burns with a blue flame, has an acid reaction, and 
dissolves in water, forming a solution which gives charac- 
teristic tellurides with many metallic salts. 

346. Telluriam Dioxide, TeOj, is prepared like the corres- 
ponding oxide of selenium. It occurs native as tellurite or 
tellurium ochre, a mineral found in Ti-ansylvania. Tellurium 
dioxide is a white crystaUine solid which melts to a deep 
yellow liquid, and may be volatilized. It is but slightly 
Holuble in water. 

247. Tellnroufl Acid, TeOaHa, may be prepared in a 
simnar manner to selenious acid, or by decomposing tellurinm 
tetrachloride with water. It is a white powder possessing a 
bitter metallic taste. The acid appears to form three classes 
of salte, viz. — 

Neutral TelluriteB, M,TbO, 

Acid, MHTeOj 

=rp"A«a, MH^Sj 

248. Telloriiim Triozide, TeOg, is an orange yellow solid, 
insoluble in water and in strong acids. It is obtained by 
heating telluric acid. "When strongly heated, it parts with 
oxygen, and is converted into the dioxide. 

249. Telluric Acid, TeO.Hj, is easily obtained by fusing 
tellurium or the dioxide with nitre, dissolving the alkaline 
tellurate in water, adding barium chloride, washing the 
insolublo barium tellurate, and decomposing it by dilute 
sulphuric add. Telluric acid crystallizea in largo hexagonal 
piiaws containing two atoms of water of crystallization; 

iii is fi^cl/ BoliiUe in tot water. On e's^Wvw^ the water 
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of cryatallization the solubility of the acid decreases con- 
eiderably. 

Telluric a:cid forms three series of salts corresponding to those 
formed by telluroua acid. The tellui-ates are in general insolu- 
ble in water, but they dissolve readily in hydrochloric acid. 

250. Tellarinin Dictloride, TeCla, ia formed by heating 
tellurium in chlorine, or by distilling the tetrachloride 
(ir^ra) with finely powdered tellurium. It ia a black, non- 
cryatailine solid, which readily melts to a dark coloured 
liquid, and forms &, purple vapour which, on further beating, 
becomes yellow, 

251. Telluilum Tetrachloride, TeCIj, is obtained by 
treating the preceding compound with excess of chlorine. 
It ia d white crystalline mass which melta to a yellow liquid j 
it is very deliquescent, and is readily decomposed by water. 
It forms double saltawith many metallic chlorides, analagous 
to those containing sulphur tetrachloride (see p. 347). The 
aluminium compoiuid has the composition, S^AICI, . TeCl^ 
coiTesponding to that of the sulphur compound. Tellurium 
tetrachloride absorbs ammonia gaa, forming a light gi-een 
mass of the composition 4NHg.TeClj. On heating, it is 
gradually decomposed with formation of tellurium. 

The dibromido and tetrabromide of tellurium are also 
known; tkey are red crystalline compounds, obtained by 
the direct union of their elements. Similar compounds are 
knoivn of tellurium and iodine. In addition, a hexiodide, 
Tel|„ ia supposed to exist. 

Tellurium combines with sulphur and selenium. Tellur- 
oua sulphide, TeSj, ia formed by tlie action of sidphurettoj 
hydrogen on a tellurous salt. It is a dark brown powder 
which dissolves in solutions of the alkaline sulphides, form- 
ing a series of salts, termed tbe avlpJioteUurites. Telluric 
sulphide, TeS„ is obtained by passing a stream of sulphur- 
etted hydrogen into a solution of telluric acid. It is a biatroua 
black powder, which diasolvea in alkaline sulpjiidea to form 
nlkiiline svJpholdlurates. 

252. Boron— Symbol E; atomic weight 11.— Tliia ele- A 
ment never occurs naturally in the free state. It is found ^ 
as boric, or boracic acid, BOjHj, in Tuscany, in the Lijiar' 
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Is, &a.; and as tincal or borax in Thibet, Mi 

California, &c.; aa borocite or magnesium borate at Stasa- 

furth; as borocalcite and boronati-ocalcite in South America. 

ura also in many minorala. Boron was first isolated 
by GayLussac and Thonardj in 1803. They obtained it by 
heating dehydrated boric acid, or Iwric anhydride, ■witi 
potassium. It may also be formed by igniting a mixture of 
potassium borofluoride with metallic potassium. Aa thus 
prepared, it is a dark brown amorphous powder; it ia very 
slightly soluble in water, and when heated to a high tem- 
perature in vacuo, or in gases which have no action upon it, 
it experiences a marked increase in density; but even, at a 
white heat it shows no signs of melting or volatilization. 
When heated to about 300° in air or in oxygen, it bnmi 
with a bright light, forming boric oxide, EjOj, the only 
known oxide of boron. "When burned in air, boron nitride 
is simultaneously produced in small quantity. It is also 
convei'ted into boric acid by boiling with sulphuric or nitiie 
acid, and when fused with moist alkaline salts, a borate ts 
fonned. When ignited with nitre, the oxidation ia attended 
with explosion. Boron combines directly with chlorine and 
nitrogen, forming the trichloride and the nitride; it also 
decomposes nitrogen dioxide, forming boric anhydiide and 
nitride. 

Boron may be obtained ci-ystallized by heating the amor- 
phous variety with aluminium. It is rapidly dissolved by 
the molten metal, and on cooling, crystallizes in octahe- 
drons, varying in colour from light yellow to dai'k red. Tie 
crystals have a Bp. gr. of 2-63; tliey are exceedingly hard 
(whence the name adamantine liormi given to the variety), 
and possess a high lustre and reij-active power. Adaniantiiw 
boron is infusible, even in the oxyhydrogon flame, and is only 
superficially oxidized at the temperature at which thij 
diamond bums. Acids are without action upon it, and it is 
not oxidized when heated with nitric acid. Potassinm sul- 
phate converts it on fusion into boric acid. When he^ed 
on platinum foU, it forma a fusible boride of platinum, txA 
perforates the metal, 

A graphitoidal modification of boixin was formedy thonrirt 
9 exist; but i-eoent experiments have shown that it ia ■ | 
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compound of boron and aluminium of tlie composition Al!^ I 
or AljB., wMcli is readily diaaolvad by nitric acid, and biima I 
in chlorine gas, forming alurainiuiu and boron chlorides. No j 
hydride of boron is known. 

253. Boric or Boracic Acid, HjBOj, U easily obtained by I 
gradually adding 1 part of strong sulphuric acid to 3 parts of ■ 
crystallized boras, dissolved in 1 2 parts of boiling water, 
cooling, the boric acid separates out in aliining crystalline scales. 
All the boric acid of commerce was formerly thus prepared 
from naturally oecurring boi-aK. The acid was first isolated 
byHomborg, in 1703. He prepai'ed it by heating a mix- 
ture of dehydrated ferrous sulphate with borax, the borio 
acid was carried over with the water, which was simultane- 
ously liberated, and collected ia the receiver. 

Boric acid is now largely obtained front the iagoona or 
]>ool3 which collect round the auffioni or jets of steam which, 
31*6 diachai^ed through earth fissures in the volcanic district 
of Tuscany. The quantity of boric acid contained in thff 
Buffioni is exceedingly minute; but by connecting a number 
of the lagoons together, the water becomes gradually charged 
to the extent of about 0-5 per cent. The liquid is allowed 
to clarify by standing, and is concentrated by passing through 
a series of shallow tanks, heated by several of the jeta of 
steam, which are diverted from their course, and led faeueath 
the bottom of tha evaporating pans. The concentrated 
lit^uor is run into crystallizing tubs, and the boric acid, which 
separates out, is dried on the floor of a chamber also heatod.J 
by naturally foi-med st«am. The product is far from purey 
it rarely contains more than three-fourtha of its weight ow 
boric acid. Nothing is known with certainty respecting the ' 
source of the borio acid in the suffioni. A considerablo 
quantity of boric acid is now obtained by decomposing 
naturally occurring boracite, MgBoO., and boron atrocalcite 
(isra202B30g) + (2Ca0.3B20B) + ISH^O (Kraut), which oc 
in the province of Tarapaca, in Peru, and i 
of Chili. 

Borio acid crystaUizca in nacreous laminae, which i 
ti-anslucent, and have an unctuous feel. The solution has i| 
fiiint acid reaction, and a bitter taste. The acid exhibiW 
6ome remarkable irregularities in dissolving in water. 
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requires 2-5 parts of water at 18", and 14'9 parts atSS". After 
this point, its rate of solubility increases, and it dissolves in 
10-7 parts of water at 50°, in 4-7 pai-ta at 75°, and in 2-97 
parts at 100°. This difference in solubility at 25° is, in all 
probability, due to a change of hydration in the substonca 
ITie Bolubyity of the acid ia increased by the addition of 
tai'taric acid or a soluble tartrate. Boric acid is soluble in 
alcohol, and tbo solution bums with a bright, groen-edged 
flame. Its aqueous or alcoholic solution acidified with, hydro- 
chloric acid colours turmeric brown, especially on drying. If 
the brown spot be moistened with an alkali, it is coloured 

By heating boric acid to 120°, metahorio acid, HBOj, is 
obtained ; and at a higher temperature bona oxide or b&ria 
avhydride, BgO^, is produced, which fuses to a viscid liquid 
below a red heat, and solidifies on cooling to a colourless glass 
of ap, gr, 1 "83. Boric acid requires prolonged fusion to expel 
the last traces of moisture. Even at 270'' it retains about 
3 per cent, of water. Boric anhydride is hygroscopic, and on 
exposure to the air is gradually ti-anaformed into the acid by 
ahsorjjtion of water. At a white heat it volatilizes unchanged. 

The borates are a somewhat complicated class of compounds, 
from the tendency of the acid to form multiple salts. The 
most important of the series ia borax, NajH^jOg, which 
crystallizes from its aqueous solution in octaliedral or in 
prismatic crystals. These differences depend u]»n the degree 
of hydration of the salt. Prismatic or ordinary borax csoti- 
tains 9 atoms of crystalline water. The octahedral variefy 
has only 5 atoms. The formation of the particular variety is 
dependent upon the temperature of crystallization, and tho 
concentration of the solution. 

254. Boron Nitride, BN or EjNg.— Boron displays a 
nmrfeed affinity for nitrogen. It has already been stated 
that when it bums in the air a portion combines with the 
nitrogen to form a nitride. Boron nitride may be easily pre- 
pared by igniting a mixture of 2 parts ammonium chloride and 
1 part dohydi'atod borax, and washing the resultant mass. It 
may also be formed by the direct union of its elements, or by 
hcnting boron in ammonia gas, or by heating boric oside witl] 
urea, Boron nitride forms a soft, white, inodorous, iufoaitj^ 
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powder, which is insoluble in water and in most acids. 
Boiling sulphuric acid decomposes it with formation of am- 
monia, and boric acid; and strong hydrofluoric acid converts 
it into ammonium borofluorida When projected into a flame 
it bums with a greenish light, forming boric oxide. Chlorine 
is without action upon it, but by fusion with alkalies it ia 
decomposed. Ko carbide or silicide of boron is known. 

265. Boron Chloride, BQj, may be formed by burning 
boron in chlorine, or by heating a mixture of boric oxide and 
charcoal in chloi'iiie gaa. It is an exceedingly volatile, fuming, 
highly refractive liquid of sp. gr. 1'35. It boila at IS'S". 
It is decomposed by water, forming boric and hydrochloric 
acids, and ia converted into ethyl borate and hydrochloric 
acid when treated with alcohol. It unites directly witli 
ammonia gaa, forming a white crystalline powder which may 
be sublimed unaltered. Its composition ia 3NHj2BC]j. 
By passing it through a red hot tube with ammonia gas it ia 
convei'ted into boron nitride. 

Boron chloride unites with cyanogen chloride with evolu- 
tion of heat, forming a crystalline mass, BCljCyCl, which ia 
decomposed by water and alcohol, with production of hydro- 
chloric and boric acida and gaseous cyanogen chloride. 

S56. Boron Bromide, BBr^, may be foi-med by the direct 
union of its elements. It is a colourless, mobile liquid of sp. 
gr. 2'G9, which fumes strongly in the air, boils at 90", and ia 
decomposed by water and alcohol in & similar manner to the 
chloride. 

257. Boron PInoride, BF^ is a colourless, strongly filming 
gas, obtained by heating a mixture of boric oside and fluor- 
Bpar to a high temperature in an iron tube — 

4B,0, + SCaFJ = 2BF; SCaB^O^, 
Or more readily by heating a mixture of dehydrated borax, 
fluor-apai", and oil of vitriol in a flask — 

E,Oj + 6HF - 2EF, + 3n,0. 
As thus obtained, the gaa is mixed with a small quantity 
of silicon fluoride obtained by tho action of the hydrofluorit 
acid upon tlic flask. Moreover, a portion of tho boron 
fluoride sufiers decomposition by the water simultaneously 
formed. The gao is rapidly absorbed by water, which takes 
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up about 700 times its bulb, and forms a dense oily EqmS 
having the composition 2BF, . SH^O. The gaa is also ab- 
sorbed by oil of vitriol, Ammonin combines directly ■with 
boron fluoride to form a wbita powder, NHjBF, By pro- 
longed treatment with ammonia this substance is converted 
into two liquid compounds, SNHj . BF, and 3NHj . BF^ 

258. Fluoborio Acid, HBOi. 3HF, is obtained by passing 
boron fluoride into ice-cold water, or by adding boric oxide 
to hydrofluoric acid contained ia a platinum crucible and 
strongly coaled. It is on oily liquid which fumes in the air 
and distils unchanged. By the addition of bases a seiies ot 
salts termed Jluoborates loay bo obtfl.ined. By treatment 
■with water the acid is. decomposed with formation of boric 
acid and hydrofluoboric acid, 

259. Hydrofluoborie Acid, HBF, or BF^SP, ia known 
only in dilute aolations, as it is converted into hydrofluoric 
and fluoboi-io acids on concentration. The borojltiorideg 
are, however, a stable series of salts. They are generally 
soluble in water, and may be obtained definitely crystallized. 
The potassium salt, KBF„ is, however, only sparingly soluble 
in cold wat«r. 

260. Boron Snlphide, E,Sj — the analogue of boron oxide 
— may be formed by heating boron in sulphur vapour, or boric 
oxide and charcoal ia vajwur of carbon bisulphide. It is a 
white solid substance of a pungent, irritating odour; it vola- 
tilizes unchanged in a stream of sulphuretted hydrogen, and 
is decomposed by water ■with formation of boric acid and 
sulphuretted hydrogen. This decomposition ia supposed by 
some to occur in the lagoons of Tuscany, where the boria 
acid is accompanied by sulphuretted hydrogen. The boric acid 
is assumed to have originally existed as boron sulphide; 
on meeting -with lujucous vapour this compoimd is decom- 
posed in accordance with the cciuation — R8, + 6H,0 = 
2HaB0a + 3H^ " - - - 
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CHAPTER Xm. 

THE rHOSPHOKua on nitrogen qeodp. 

KiTROOEN, pLoaphorus, arsenic, and antimony constitute a 
family of elements poaseaaed of relationships as intimate as 
those manifested among ttemselves ty tLe halogens, or by 
tile members of the sulphur group. The first member of this 
group, nitrogen, we have already studied; the fourth member, 
antimony, is generally classed amoug the metals. In its 
chemical characters, antimony is closely allied to arsenic on 
the one hand, and to bismuth, on the other ; ifc constitutes, 
indeed, a connecting link between the metals and the non- 
nietala. The atomic weights of the members of the nitrogen 
group show the same gradational order which exists in the 
oxygen and fluorine gi'oups — 

K. 14 P. 31 Ab. 75 Sb. 122 
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EoHcoe has recently shown that vanadium forms 
compounds which are strictly analogous to the corresponding 
phosphorus compounds (see Vol. 11.) 

361. PhospboniB — Symbol Pj atomic weight 31; density 
62. — This substance is one of the most widely difiused of the 
clemente. It is never found uncombined in nature. It 
exists almost invariably as a metallic phosphate, and mainly 
as calcium phosphate. Small quantities of this substance 
aro found in the oldest rocks ; by their disintegration into 
soils, the phosphate eventually passes into the plants, and 
thence into the bodios of animals. Oxidized phosphorus 
appears, indeed, to be essential to the proper development 
of animal and vegetable life. In the animal, it is found in 
the urine, in the blood, in all the soft tissues, and in the 
bones. The rigidity of bone is in fact due to the pi-esence 
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of calcium phoapLate, which exists therein to the extent of 
about 58 per cent. 

The presence of calcium phosphate in bone may readily be 
demonstrated by immersing it in moderiitely dilute bydro- 
chlorio acid; in a few hours the greater portion of the eartby 
matter will have been dissolved away, and the bone will bays 
lost its rigidity; if ammonia be added in excess to the clear 
solution, the calcium phosphate will be precipitated. Tlio 
quantity of phosphorus, as phosphoric acid, contained in 
human urine is very variable. On the average, about 3-3 
grams of phosphoric acid are eliminated in the urine during 
24 hours (Parkes). 

Phosphorus was discovered in 1GG9 by Brandt of Hamburg, 
among the products formed by the distillation of the i-esidne 
obtained by the evaporation of urine. A century later Gahn 
showed that it was a constituent of bones, and shortly after- 
wards Scheole devised the process by which phosphorus is now 
extracted from bone-ash. 

Bones are burnt to a white ash, which is finely powdered 
and mixed with dilute sulphuric acid in sufEcieut quantity to 
abstract two-thirda of the lime from the tricaleium phosphate — 

Ca,P,Og + 2HjS04 = CaH(P,Oj + 2CaS0,. 
Tlie liquid is allowed to deposit the sparingly soluble calcium 
sulphate, and the clear solution is evaporated to a syrup, when 
finely powdered wood charcoal is added, and the dried mixture 
is gi-aduaily heated to expel water — 

CaH^PiOa = CaP^O, + 2n,0. 
On heating the porous mixture of charcoal and calcium meta- 
phoaphate to bi-ight redness, a portion of the phosphorus is 
ehminated, together with carbon monoxidej and tricaleium 
phosphate is reproduced — 

SCftPjOa + C,„ = CajP.Oa + lOCO + P^. 
By mixing sand with the charcoal paste the wliole of the 
phosphorus may be expelled, the calcium phoqihata being 
converted into silicate (Wohlcr) — 

2CaP,0j + C,o + 28iO, = 20a3iOj + lOCO + Pj. 

Fig, 108 represents the arrangement in which the distilla- 
tion is effected. A number of c.irthcnwaro retorts, a a, con- 
fe'"'"g the mixiuie of charcoal and metaphosphate, and plaooi 
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in a fumace, are connected witli " adapters " 6 6, which fit into 
metal or earthenware receiverB, e o, containing water. The 




. receivers are fumial r 1 iM 1 lit// aiil 1 a\£ uich a sraell 
tubulus to allow of the escape of the caibon monoxide, tkc. 

The crude phosphorus contains small quantities of osidea, 
and of amorphous phosphorus, which give it a brown colour. 
In this Btat« it is excessively inflammable, and requires to bo 
handled with great care. Formerly its purification was 
effected by melting it and squeezing it through chamois 
leather, which retained the solid impurities ; or by filtering 
it through a layer of charcoal. On agitating it ydih a waim 
Bolutioa of chi-omic acid, or with a mixture of acid ])otafisium 
chromate and eulphunc acid, the impurities rise to the sur- 
face, and nmy be skimmed off, and the melted phosphorus 
gradually becomes colourless and transparent. Phosphorus, 

is usually cast into 
sticks; the moulding 
was formerly effected 
by the highly danger- 
ous plan of drawin g the 
melted phosphoma into 
glass tubes by auction ■ 

with the mouth. Fig. Fig. 109. 

109 illustrates an improved method of casting the phosphorus 
into sticks. The phosphoi-us is melted in the conical vessel a, 
by warm water, and is allowed to run through the i>ipe h, which 
can be closed with a stop-cw^, into the glass tube o c, which ia 
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Burrotinded by cold water in the ti-ough d. A copper ■» 
placed ia tlie tube e c, round which the phosphorus Bolidifies, 
and it is easy, by regulating the flow of the phosphoniB by 
meana of the atop-cock, to obtain a continuoua i-od of the 
solidified substance, -which may afterwards be cut into pieces 
of any desired length. For the use of the match-maker, phos- 
phorus is often cast into cheese-shaped masses. Phosphorus 
ja occasionally granulated by agitating it, when melted, with 
b warm solution of salt or sugar until it solidifies. 
f Pure phoaphorua is almost colourless, and perfectly trans- 
parent when freshly prepared. It melts at ii" to a viscid, 
oily liquid, which may be cooled bycq to 33° — i. e., 12° bolow 
its melting point, without solidifying, but when touched with 
a piece of solid phosphorus, or with a glass rod which has 
been in contact with phosphorus, it instantly solidifies, and 
'its temperature rises to ii". Its specific gravity is about 
1. When strongly cooled, phosphorus becomes hard and 
ittle, and can be cut only with difficulty, but at 29° or 30' 
E( is soft and flexible, and may be bent without brcaHng, A 
broken stick of phosphorus exliibits a distinctly cryatalliiie 
fractm-e, but large individual crystals can only be obtained 
by the gradual evaporation of its solution in carbon bisulphide, 
lie normal form of crystallized phosphorus appears to be 
' a regular octahedron ()). Phosphorus boils at about 
Its vapour density is abnormal^ at 1040° it is 62 — 
3 atom of phosphorus occupies only half the bulk of 
the hydrogen atom. Phosphorus volatilizes even at tempera- 
tures below its melting point. If a quantity of phosphorus 
be sealed up in a flask containing nitrogen, and the lowier 
portion of the flask be immersed in a bath having a tempera- 
iiture of about 40°, the phosphorus sublimes into the upper 
l^rtion of the flask in colourless microscopic cubic (rhonaraa t) 
crystals of a brilliant lustre. Phosphorus is insoluble in 
water, but it dissolves readily in sulphur chloride and oarbou 
btsalphide. It is also soluble in benzeno and oil of turpea- 
tiue. Phosphorus ia highly inflammable, and bums in tha • 
air with a bright white flame, giving off dense fumes o£ 
the pentoxide. On account of its groat inflammability it is 
cesaary to keep it in water. On pouring a few drops o£ a 
.ution of phosphorus ia carbon bistdphide upon a piece f)~ 
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paper, and allowing the liquid to evaporate, tlie finely 
divided phosphorus left on the paper absorbs oxygen ■with, 
such rapidity that it bursts into flame. A stick of phoB- 
phoma exposed to the air undergoes a filow combustion, and 
in the dark is seen to be surrounded by a greenish wldto 
light (whence the name phospboms froni ^5i, light; and !(>»>«, 
to bring), the phoaphorua being gradually oxidized. If kept in 
a continad volume of air over mercuiy the diminution in bulk 
accurately represents the amount of oxygen contained in the 
ail'. The stekm from boiling water containing phosphonis is 
highly luminous in the dark. The luminosity of phosphorus 
is affected in a remarkable manner by very el^ht causes. In 
perfectly pure oxygen, at the ordinary temperature and 
pressure, phosphorua is non-luminous, but on rarefying the 
oxygen, or on mixing it with carbon dioxide, hydrogen, or 
nitrogen, the phosphorus becomes luminous. Very minute 
quantities of many essential oUs, of oil of tui-pentine, and of 
olefiant gas, destroy the luminosity of the phosphorus in air. 

The flame of hydrogen gas, impregnated with phoaphorua, 
produces two characteriatio green lines when seen through 
the spectroscope. This reaction is so delicate that it may be 
used to detect the pi-esenoe of phosphorus in iron. 

26S. Allotiopia Modifications. — Phosphorus is capable of 
existing in various modifications. When immersed in water 
exposed to light it gradually loses its transparency, and 
becomes superficially covered with a thin film. Tliia o])aque 
substance was formerly regarded as an allotrope of phosphorus, 
but the recent experiments of Eandrimont appear to show 
that it is merely a suboxide of phosphorus. Its formation is 
apparently due to the presence of oxygen, since it is not pi-o- 
duced in de-aerated water. Phosphorus is said to be capable 
of assuming the iiiacom condition by heating it to near its 
melting point and suddenly cooling it. If ordinary phos- 
phorus be heated with a minute quantity of iodine, or if it 
be maintained for some hours at a temperature of about 230' 
io an atmosphere incapable of acting chemically upon it, it 
gradually changes in colour, and becomes converted into a 
dark red mass. 

I'ig. 110 represents the apparatus in which the conversion 
yellow into red phoaphonis may be conveniently mads 
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upon the small scale. The flask A, imiaersed ia the oil- 
eoatainB n, few grams of yellow phosphorus; the air within 
the flask is displaced by a CTirreat of dry carbon dioxida 
evolved from B; the long tube c dips beneati the surface ol 
mercury contained in the teat-glasR 
d. As soon as the air ia replaced 
by cai'bon dioxide, the tube e is 
clamped, and the flask A is gra- 
dually heated in the oil-bath to 
aliout 330°, and maintained at thia 
temperature for about 3i hours, 
when the greater portion of the 
substance will befound to have been 
transformed into the red modifica- 
tion. This substance is now mann- 
factured on the large scale for tho 
use of the match manufacturer, 
Thia form of phosphorus is wholly 
distinct in its physical ohai'octera 
from ordinary or yellow phos- 
phorus. It is insoluble in car- 
bon bisulphide, turpentine, and 
phosphorus trichloride, and is 
much denser than the ordinary variety, its specific gravity being 
about 2 '3. It undei^es no change when exposed to air and 
light, and may he heated to 250° without inflaming. At a few 
d^rees above this point it becomes luminous in the air, and is 
transformed into the yellow variety, which immediately in- 
flames, and is converted inb3 phosphorus pentoxide. UnHke 
the yellow variety, it is non-poiaonous, and maybe handled with 
impunity. It is not necessaiy to preserve it under water. 
When prepared in the manner above described, red phoa- 
phoms is devoid of the least trace of crystalline form; it ia 
therefore often temied amorphous phosphorus. By reheating 
it in a vacuous tube to 530° it sublimes, and may be condensed 
upon the cooler portion of the tube in microscopic needlesi 
l^e ci'ystalline variety of red phosphorus niay be obtained in 
I larger quantity by filling a glass tube, ono-fonrth with phos* 
j|)horna and the remaining tliree-fourths with lead, disjjlacinit 
'v with carbon dioxide, scaling the tube and hrating it 
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for Beveral hours in an iron tube containing magnesia. On 
treating the contents of the tube with dilute nitric acid, the 
lead alone is dissolved, and the phasphorua is obtained in 
rhomhohedrons, isomorphoua with ai-aenic, antimony, and 
biBmnthj nearly black in colour, and of specific gravity 2'34 
at IS". 

263. Properties of PhoaphoruB. — Phosphorus unites 
readily with oxygen, sulphur, and the halogens. The greater 
number of the metals bum in the vapour of phosphoniB, 
and are converted into phosphidea. Finely divided phos- 
phorus decomposes water, forming hydrogen phosphide, and 
reduces sulphurous and sulphuric acids. When boiled with 
an alkali or alkaline earth, it forma phosphoretted hydrogen 
and a hypophoaphite. It detonates when rubbed with nitre 
and potassium chloi'ate; and, when heated to redness with 
sodium carbonate, it liberates carbon. 

264, Manufacture of Lucifer Matches. — Phosph< 
into the composition of the paste with which lucifer matcl 
are tipped. A lucifer match is merely a splint of wood tipped:! 
with sulphur, wax, or paraflin, and dipped into a composition 
of phosphorus, nitre or potjissium chlorate, red lead or man- 
ganese dioxide, made into a thick paste with gum or glue. 
The proportion of phosphorus varies considerably, and is often 
unnecessarily large; its quantity ranges from 4 or 5 to 30 or 
40 per cent. Occasionally a small quantity of colouring matter, 
as vermilion or Pi-ussian blue, is added, together with a little 
fine sand to Ulcreaae the friction. The paste is spread out on a 
cast-iron fable, which is kept at a constant temperature by a 
water-bath placed underacath, and the sphnta, arranged in a 
frame or clamp, are dipped into the composition. After 
dipping, the matches, still in the fi-ames, are allowed to dryj; 
they are then expoa&i to a temperature of about 30' 
which they are eoi'ted and packed into boxes. 

On aocoimt of its excessive inflammability, many atteni] 
have been made to reduce the amonnt of jjiosphi 
for the paste. By dissolving the jihosphorua in carbon bit 
phido before incorfiorating it with the rest of tlie compoaitif 
it is possible to reduce Us proportion to jj^ of that no 
geneitilly nsed. The fumes of phosphorus are veiy deleterioi 
to the " dippers," wlio are liable to a disease of the jowj, 
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wliicli often ends in neoroaia of tlie bone. The mconvenicnow 
attending the use of yelloTf phoaphoi-us may be partly obviatei 
by the aubstitutioa of red phosphorus, whiuh is not readily in- 
inflammabio, and emits no acid fumes; but from the inci-eased 
cost of the red phosphorus, and from the lai'ger propoitioa 
required by I'eason of its inertneBs, its \xae has found but 
little favour in this country. 

Matches which ignite only when rubbed against a prepared 
surface are now extensively made. The paste applied to the 
match head, whiah has been dipped in the usuaJ manner' in 
sulphur, stearine, t!i:<3., has the following composition; — 

Fotnasium Chlorate 6 parts. 

Antimony Salphide 2 to 3 „ 

Glae. 1 „ 

Tile phosphorus is contained in the composition on the 
surCice against which the matches are mbbod. It ia mado 
up of 

AmorphoaB PhQaphoras 10 porta. 

Oxide of Manganose or Aatimoay golphide 8 ,, 

Glae. 3 to 6 „ 

It is quite possible to make lucifer matches without the 
use of phosphorus. Indeed, the earliest matches were tipped 
with a composition which consisted substantiaUy of antimony 
sulphide and potassium chlorate. Such matcties, however, 
have not come into general use, probably because their action 
is not quite so certain as that of the ordinary lucifer. There 
is no doubt that, if the use of phosphorus could be dispensed 
with in the manufacture of matches, a great boon -would bo 
oonfoiTed on the agriculturist. The large quantity of phos- 
phoric acid needed in the manufacture of phoaphorus for the 
use of the match miiniifiicturor would thus find its way 
dii'ectly lo the soil. 



COltBISATIONS OP PHOSPHOEUa AND HTDBOOEt]'. 

Phosphorus appears to combine with hydrogen in thres 
proportions to form phosphides possessing the comiiosition 
PH..,, rH„ and P.,H (!). 

S66. Tri-Hj'ilro'gen Fhospliide, or PhosphorettedH^/drogen, 
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PH3 — Molecialar weight 34; density 17. — This compound, the 
analogue of ammonia, cannot conveniently be prepared by the 
direct addition of hydrogen to phoaphonis, hydrogen being 
without action on melted phoaphonis. Hydrogen, however, 
in the m.omcnt of its liberation, appears to unite Trith phoK- 
phoruB, since, when the latter Bubatance is placed in contact 
■with zinc and dilute sulphuric acid, phosphoretted hydrogen 
iB produced in small quantity. This gas is evolved in the 
decomposition of many phoaphorized organic bodies ; the 
odour of decaying fish, for exEunpIc, is due to the formation 
of phosphoretted hydrogen. 

One of the simplest methods of preparing phosphoretted 
hydrogen consists in decomposing calcltun phosphide by the 
action of water. The calcium phosphide rapidly evolves 
bubbles of gas, which take fire at the surface of the liquid, 
and bum with a bright flame, producing white fumes of 
phosphorus pentoxide. The property of thus spontaneously 
inflaming is not possessed by pure tii-hydrogen phosphide. 
The gas evolved from calcium phosphide cont^ns a small 
quantity of the di-hydrogen phosphide, which may be 
separated as a liquid by exposing the phosphoretted hydrogen 
to a low temperature. The di-hydride is exceedingly in- 
flammable, and confers the property of spontaneously inflam- 
ing upon any combustible gas with which it may be mixed. 

The readiest method of obtaining spontaneously inflammable 
phosphoretted hydrogen consists in heating phosphorus with 
an aqueous solution of an alkali, or alkaliue earth, 
case of baiyta the reaction may be thus 
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3BiiH,0a + P, + eHjO = SBaH^PjO^ + 2PHa. 



Baryta and phosphorus produce barium hypophosphite and 
phosphoretted hydi-ogen. The phosphoretted hydrogen, how- 
ever, is always mixed with more or leas free hydrogen in 
addition to di-hydrogcn phosphide. The hydrogen 
duced by a secondary action of the baryta upon the borii 
hypophosphite, thus — 

BoHiPA + 2BaH,0j = BaaP^Oj + 4Hj. 
Barium. Phosphate. 

The quantity of the hydrogen increases with the conceni 
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Won of the solution, and towartla the end of the i-caction it iS ' 
evolved in comparatively Icirgo amount. This secondary re- 
action occurs to a greater extent when caustic potash is vsei', 
accordingly, the alkaline earths are best adapted for the pre- 
paration of phoaphoretted hydrogen. Fig. Ill represents tho 
apparatus employed in the preparation of this j "" 
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Fig. 111. 
Email flask contains the phosphorus au' ' 
advisable to displace the air above tha hquui iii tiie liiL-ji 
a current of carbon dioxide or coal gas before applying heat, 
otherwise there is a risk of explosion. Each bubble of gas 
as it rises to tlio surface of the 'water in the trough iuflames, 
bums with a liighly luminous flame, and generates i 
ring-shaped cloud of phosphorus pentoxide, which gradually 
widens as its ascends. 

Kon-BpontOJieoiisly inflammable phosphoretteil hydrogen is 
produced by the action of an alcoholic solution of potash upon 
]iho3phonis; less hydrc^%n is in this cose evolved than with 
aqueous potash. It appears, &om the recent experiments of 
Hofinann, that the pd^ectly pare gas can only be obtained 
by the action of caustic potash upon phosphouiitm iodide 
(infra), a substance which stands to ti'ihplrt^ii phosphide 
in the same relation that ammoniuni iodide stands to am' 
The decomposition of the phospboninm iodide i> 
analogous to that whieh ensues vhen uuaKwium iodide ii 
hcAtcd with caustic potash — 
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PH.T + KHO = PH, + KI + H,0 

NUjI + KHO = KU3 + KI + H,0. 
It is remwkabb tliat tlie property of spontaneously inflaming 
can be given to the ptire gaa by allowing it to bubble tlirougli 
etrong nitric acid containing a trace of nitrous acid. On the 
other hand, thii property can be destroyed by passing the gas 
over charcoal, or by exposing it to sunlight, or by mixing it 
with the vajiotir of alcoholj turpentine, itc. 

Phosphoretted hydrogen ia a colourless, inflammable gas, 
which may be condensed to a liquid by cold and pressure. 
It has the odour of stinking fish.; it is slightly soluble in 
water, to which it conununicates its characteristic smell. It 
is readily decomposed when subjected to the action of induc- 
tion sparks. In the apparatus represented on p. 192, 2 voU. 
oi phosphoretted hydrogen liberate 3 vols, of hydrogen, the 
phoepLorus being deposited as a brown powder on the sidea 
of the tube. It ia advisable to substitute carbon points for 
the wires in the eudiometer, since the liberated phoaphorus 
is apt to combine with the strongly heated platinum to fomi 
a fusible compound which interferes with the regularity of 
the dischai'ge. 

Phosphoretted hydrogen, fi'om ita analogy to ammonia, is 
sometimes termed phosphamine; it possesses, however, no 
alkaline reaction. It forms addition products with hydro- 
bromic and hydriodic acids, analogous to tiiose produced by 
ammonia. 

S66. Ptospliotiiiim Iodide or Hydiiodate of Phospliainine, 
PH^HI,may be obtained by the action of water upon a mixturo 
of iodine and amoiphous phosphorus. Breyer gives the fol- 
lowing method, as yielding the best residta; — 100 grams of 
ordinary phosphorus are dissolved in dry carbon bisulphide, 
contained in a retoi-t, and the solution is cooled and mixed 
with 175 grams of iodine, in small portions at a time. The 
carbon bisulphide is distilled off, the last portions of the 
liquid being expelled by a current of dry carbon dioxide, and 
a long and wide tube, not too thick in the glass, is adapted 
to the nock of the retort. Through the tubulus of the retort 
is fitted a funnel provided witli a stop-cock, by means of 
which about SO grama of water can little by little be poured 
over the phospbonis iodide in the i-ctort. Tliis Bubstncco 
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IB imtuedicitelj decomposed vnth formation of phoaphouam 
iodide, which, after the addition of t!ie whole of the water, 
bo sublimed into the wide glass tube, where it con- 
denses in thick whito ci'usts resembling Bal-ammoniac. 'Fhasr 
phonium iodide is readily obtained in well defined cubes which 
deliqaesod in the air, and, with excess of water, yield phos- 
phamine and hydriodic acid 

Liquid phosphoretted hydrogen {Dihydrogen Phosphide, 
PHol) was discovered by P. Thenard, who assigned to 
it the foregoing formula. It is the substance which con- 
fers spontaneous inflammBbility upon phosphoretted hydro- 
gen, prepared by the action of baryta or potash upon 
phosphorus, or by the action of water upon calcium, phosphide. 
1 part of this substance will communicate this property to 
500 parts of any combustible gas. It is a oolourless inflam- 
mable liquid, wfuch does not solidify at 20°, and is decomposed 
by a slight elevation of temperature. Prolonged exjiosure to 
light resolves it into ordinary phosphoretted hydrogen, and a 
yelloui solid eubstcmce, which is supposed to have the compo- 
sition PjH or P4H2. When Eponfaneously inflammable 
phosphoretted hydrogen, standing over water in the pneu- 
matic trough, is exposed to sunlight, it deposits this yellow 
substance upon the sides of the vessel in which it is confined, 
and loses the property of inflaming in contact with air. The 
same substance is also readily formed by trausmitting the 
spontaneously inflammable gas through strong hydrochloric 
acid, hence the acid destroys the spontaneous inflammability 
of jdioHphoretted hydrogen. 



OrtDES AND 0XI4C1DS OF PHOBPIIOKUS, 

Two well defined oxides of phosphorus are known, viz.^ 
phoaphorua tiiosjde, P^Og, and phosphorus pentoxide, PjOjj 
these compounds unite with water to form acids wMoli are 
respectively known as phosphorous acid, PoOg 3H,0 or PHgO- 
and phosphoric acid, P3O5 3Hp or PHjO,. A thii-d osiacid 
of phosphorus is known, ■y^z.^-hypopliospltorua acid, PH^Oj, 
the oxide coiTesponding to which has not been isolatei 
Phosphine protoxide, PH3O, coiTespondbg to hydroxy laming 



NHgO, is also unknown, ^though the analogoualy constituted 
chlorine and ethyl compoimda, PCIgO and P(OjHj)gO, have 
been prepared. 

A suboxide qf pJiosphoi-us, pMBessing the composition P^O, 
is Bupposed to exist. It is a yellow powder, wLich becomes 
bright red on heating. It is permanent in the air, and may 
be heated to 300° without alteration, 

367. HypophosphoroUB Acid, PHgO^, may be obtained as 
a barium salt by warming baryta water with phosphorus, 
precipitating the excess of baiyta with carbonic acid, filtering 
and eTaporating the solutiou until the salt separates out 
On treating the salt in solution, with an equivalent amount 
of sulphuric acid, and filtering fi-om the bai-ium sulphate, a 
solution, of bypophosphorous acid is obtained, which may bo 
concentrated in vacuo until it becomes viscid. It has a 
strong acid reaction, and on exposure to the air is gradually 
oxidized to phospborous and phosphoric acids. On heating, 
it ia decomposed into phosphoretted hydrogen and phosphoric 
acid, SPHgO„ = PHg + PH^O,. In contact with zinc and 
sulphuric acid it ia entirely converted into phosphine. Wben 
heated to about 60° with copper sulphate, it forms a red pre- 
cipitate of co^er hydride, CuH. This reaction is characteristic 
of this acid, 

Hypophosphorous acid is monobasic. Its salta are all 
soluble in water and are permanent in the air, biit in solu- 
tion they are gradually oxidized. When heated they evolve 
water and phosphine {which is generally spontaneously in- 
flammable), and leave a pyrophosphate, or a mixture of 
pyro- and meta-pbosphate, together with a little phosphorus.* 
TTie hypophosphites in solution act aa reducing agents; on- 
boiling with caustic potash they evolve hydrogen — J 
PHjEO, + 2KH0 = K3PO4 + 2Hi. I 

268. PhoBphonia Trioxide, P^Oj, is said to be foi-med bj ■ 
the combustion of phosphorus in a limited supply of air 01 
oxygen. It forma white volatile flakes of a garlic-like smell; 
it is exceedingly deliquescent, and evolves great heat in the 
act of combining with water. According to Blondlot, the 
direct action of oxygen on phosphorus produces only the 
* lUmmelabei-g, Jourii. Cliem. Sue, Jany. 1673. 
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pentoxide; tte vbite fumes smrounding phosphorus v/h&l 
exposed to ub consiat entirely of phoBphorua pentoxide. 

269. Phosphorous Acid, PHgOg, may bo obtained by 
immersing sticka of phosphorus in a saturated solution of 
copper-Buiphate contained, in a well closed flask. A black 
copper phosphide is formed together with a solution of 
phosphorous and sulphuric acids, the latter of which may be 
removed by adding baryta water. The solution may be coa- 
centrated in vacuo until it baconiea oUy; on strongly cooling 
the liqtud, solid phosphoroua acid separates out. 

Phosphorous acid may also bo obtained by passing a 
current of chlorine through melted phosphorus covered with 
a layer of water. Phosphoras trichloride ia first produced, 
■which in contact with water forma phosphorous and hydro- 
chloric acids — 

PQj + aH,0 = H3PO5 + 3HC1. 

Phosphorous acid may also be conTetiiently prepaid by 
heating the trichloride with crystallized oxalic acid. 

I Phosphorous acid separates out from its concentrated solu- 

tion in crystals which melt at 74°. The acid ia exceedingly 
deliijueSBcnt; it is decomposed on heating into phosphine and 
phoBphorio acid, 4PHg03 = PH3 + SPH^O^ and is gradu- 
ally oxidized to phosphoric acid in contact with air. It is a 
powerful reducing substance, especially when in combination 
with ammonia. When boiled with copper sulphate, metaUic 
copper is precipitated, and hydrogen is evolved — 
SE3PO, + CuSO^ + 3HiO = SHjPOj + HjSOj + Cn -h 2Hp 
Phosphorous acid is generally regarded as dibasic, two only 
of the hydi-ogen atoms being capable of replacement by metals. 
Phosphorous cthera are, however, known in which one, 
two, or three atoms of the hydrogen are replaced by aJcohul 
radicals. But it is worthy of note that only two atoms of 
the alcohol radicals can bo displaced by mctaJs, To denot* 
this fact the composition of the ethyl-phosphorous acids may 
be thus I represented — 

H(C,Hs)P[C,H,)0, (CA)i.P(C,H.)0,. 
Di-Ethyl _ Tri-Etbyl 



Mono-Ethyl _ 



Phosphorous Acid, Phosphoroos Acid. Phosphorous' Acid. 
The metallic phosphites ai-e permanent, both in tlic i 
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state and in Bolntion, when exposed to air. On heating, some 
are resolved into pyrophosphates witt evolution of hydrogen, 
e.g.— 

Othei's, and particularly those of the heavy metals, are con- 
verted, with evolution of hydrogen, into pyrophosphates and 
phosphides, e. g. — 

VFb.H.P^O, = cri),P,0,-i-2PbP + 7ITa. 

270. Phoaphonis Pentoxide, PgO^, is formed when phos- 
phonis bums in excess of aic or oxygen. It ia a soft, white, 
amorphous powder, which may be sublimed unchanged. 
"When heated with charcoal it yields phosphorus and carbon 
monoxide. It is exceedingly deliquescent, and hisses when 
thrown into water, from the energy with which it unites with 
that liquid. It combines with water in thrco proportions, 
forming — 

H,0,P,Oj or HPO, or Metaphosphoria Acid. 
2H,0.P,0, or HiPjO, or Pyrophoaphorio Acici 
SHjO-PsOs or HjPO^ or Orthophoaphorio Acid. 

271. OrthophoBphorio Acid, or ordinary pkosp/ionc acid, 
HgPO^ may be ohtnined by dissolving the pentoxide in 
water, and boiling the solution. It ia also foi-med when 
phoaphoretted hydrogen bums in the aii-, PHg + 20^ 
= PHjOj. It occurs natunJly in bone earth, apatite, 
wavellite, and many other minerals. When these substaaceB 
are heated with aulphmic acid, they are decomposed with 
the elimination of phosphoric acid, and tlie formation of a 



Phosphoric acid is readily formed by the action of nitric 
acid upon phosphorus. Small quantities of phosphorus aro 
heated in a retoiii with moderately dilute nitnc acid (sp. gr., 
1-2), and the liquid is evaporated until it becomes syrupy. 
By prolonged heating, the syrupy liquid is partially i^esolved 
into pyi-opho3i)horic and metaphosphorio acidsj by addinj; 
water and boiling the liquid, the aeid ia i-econverted into the 
ortho modification. On placing its solution, concentrated to 
a tliin symp, over oil of vitriol in vacuo, phosphoric acid is 
deposited in hard, transparent prisma. 
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Orthopliosplioric acid forma three classes of aaltB, termed 
Monometallio orthophoBphates. MHgPO^, and M"H,PjOb. 
Dimetallio orthophosplinteB, M-HPOj, and M"HPOj. 
Trimetallic ortliophoepliatea, M3PO4, and MjTjOa, ani M"TO(, 

VHiere M, M', and M"', denote respectively a mono, di, 
and tri-utomic metal. 

The soluble trimetallic phosphates have a strong aii^^^l 

• reaction, and are readily decomposed by carbouio aoid, j^^^^| 
ing a dimetallic phosphate and an acid carbonate, tliaa-^^^^H 
NajPO, + COaH, = NajHPO, + NsHCOi. ^^^| 

The soluble dimetallic salts have a nentrai or faiutlj alba- [I 
line reactiou ; the best known members of the series are the 
Bodium salt, NajHPO, + 12H„0, and nuKrocosmio salt, 
NH.NaHPO, + iKp. 

The monometallic salts have a strong acid reaction ; they 
are oil soluble in water; those of tlie alkalies and alkuJino 
earths are crystallizable, but those of the heavy metals are 
pemuuient only in solution. 

All the soluble orthophosphatea, iRrhether of the firet, 
second, or third series, give, Trith silver nitiiite, a light 
yflBow - precipitate of triargentic orthophospliate, AgjPOj, 
, Trhich is soluble in nitric acid and ammonia. On adding a 
neutral solution of silver nitrate to a solution of mono- 
Bodium phosphate and of dLsodium phosphate, triargentic 
phosphate, sodium nitrate, and free nitric acid are formedj 

thus — I 



Accordingly, the precipitation of the argentic phospliate is 
incomplete until tiie free nitric acid is neutralized. 

With trisoditun phosphate the liquid becomes neiitral after 

the addition of the silver nitrate; henco the whole of the 

argentic phosphate is precipitated immediately — 

KajPO* + 3AeNOs = AgiPO, + SNaNOa. 

The trimetallic orthophosphates, containing fixed bases, 

I are unaltered on ignition; but the niono- and di-metallio 

I phosphates are respectively converted into meta- and pyro- 

I Jiliosphatea. "When ignited with charcoal, the trinietattio 
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ph-osphates of the alkaliea mid alkaline earths are undecom- 
poaed, but the mono- and di-metal!ic phosphates yield phos- 
phorus and trimetaiUc phoaphatea. 

A solution of aamionium molybdate in nitric acid gives, 
with a warm solution of an orthopboaphate, a bright yellow 
precipitate of ammonium phoaphomolybdate, which is in- 
soluble in aciils, but readily soluble in ammonia. 

A solution of magnesium sulphate or chloride, mixed with 
ammonium chloride and ammonia, gives, with solutions of 
phosphates, a white crystalline precipitate of magnesium 
ammonium phosphate, Mgi5(NH^)5p50g -I- ISH^O. This 
substance is soluble in acids, but highly insoluble in water 
containing ammonia in solution. 

Uranic nitrate and ferric chloride give, with the soluble 
orthophosphates, yellowish white precipitates, soluble in 
hydrociiloric acid and ammonia, but insoluble in acetic acid. 

Mercuroue nitrate gives a white precipitate, with the 
soluble orthophosphates, soluble in nitric acid. Bismuth 
nitrate also gives a white precipitate of bismuth phosphate, 
Bi "FO^, which is insoluble in nitric acid. All the foregoing 
reactions are frequently employed for the recognition and 
estimation of phosphoric acid. 

S73. MetaphOBphorio Acid, HPO^, is formed on dissolving 
phosphorus pentoxide in cold water, or by strongly heating 
ordinary phosphoric acid. It forms a colourless, vitreous 
mass, which dissolves abundantly in water; in solution it is 
gradually converted into orthophosphorio acid at ordinary 
temperatures; the transformation is quickly effected on boil- 
ing the liquid. 

The metaphosphates may be obtained by igniting a mono- 
metallio orthophosphate of fixed base, op a dimetallic ortho- 
phosphate containing one fixed and one volatile base (e.ff., 
microcosmic salt), or by heating trimctallic orthophosphates 
with phosphoric pentoxide — 

Na^PO^ + P.Oj a SNaPOa. I 

The metaphosphates are non-crystalline fusible salts. They 1 
are distinguished from the orthophosphates by giving a white 
precipitate with silver nitrate. Metaphosphoric acid coagulatea 
albumen; orthophosphorio acid is unable to effect this change. 
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^^B Tlie soluble metaphosphateB are converted iiito ortlioplu 
^^^ phates on boiling thoir solutions. Those of the heavy metals, 
^H «. g., of silver, are tivuiaformed by boiling water into a tri- 
^^ft metallic orthophoaphate and orthophosphorio acid — 
^H SAgPO, + 3HsO = AgjPO. + 2HaP0j. 

^^1 A nietaphosphate, oa heating 'with an o^de, hydrojdde, or 
^^P carbonate, is converted into a trimetallio phosphate vith 
^^P elimination of carbon dioxide — 
^H NaPOj + Na,C03 = NiijPO, + CO,. 

^H 273. Pyrophosphorio Acid, H^P^O^, may bo obtained by 

^^1 heating syrupy phosphoric acid to 215°. It forms a glassy 
^^1 umss, which cannot bo distinguished outwardly from meta^ 
^^P phosphoric acid. Its solution does not coagulate albumeQ; 
after being neutralized it gives a white precipitate with silver 
nitrate; on heating to redness it is converted into metaphos- 
phoric acid, and on boiling with water it is transformed into 
the orfcho acid. 

PPyrophosphoric acid ia tetrabaaio, and foims, therefore, 
four classes of salts; thus, with sodium we iiave — 
■ NaHjP,Oj , KaaHsPjO, , NsjHP.O, . No,P,0,. 
Of these the moat important ia the tetrasodium, or neutral 
pyi'ophosphate. It is readily obtained by igniting the disodium 
orthophosphate. When recrystallized from water it forms 
monoclinic prisms, which are permanent in the aii-, and Lave 
the composition Na^PoOj + lOH^O. By long continued 
boiling the pyrophosphates when in solution are converted 
into orthophoaphates. The soluble pyrophosphates may be 

• diatinguiahed from the meta- and ortho-phosphates by the 
formation of an orange-coloured precipitate with a solution 
of ^ufeo-cobaltic chloride. 
By fusing together a mixture of sodium pyrophosphate and 
metaphosphate in the proportion of 1 atom of the former to 
2 of th,e latter, Fleitmann and Henneberg obta.ined a salt of 
the composition Na^P^Ou = Na^PO^. SNaPO^, ■which is 
soluble in wat^r without decomposition, and may be obtained 
crystallized by evaporating its solution over oil of vitriol 
Other and insoluble phos))hatea of analogous composition may 
bo obtained fi'om the sodium salt by double ilecompositit 
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By fnaing together 1 atom of sodium pyi'Oplioaphate with 
8 atoms of tliB metaphosphato, a ealt of the composition 
Na,2P,(,0gi = NagPO, . SNaPOj is obtained, which givea 
by double decomposition salts analogous in constitution. 

The mutual relations of these different phosphatca may be 
thus shown— 

OrthophoBphate 6M5O , 2P,03, 

.Pyroplioapliate, 6MjO,3PjO,. 

noitraanu and Henneberg'B salt (1), CM.0.4P,0.. 

„ (2), 6M,0.5P,Os. 

Metaphosphate, GMjO.GPaOj. 

Vanadates of thallium of similar composition have bee 
recently obtained by Eoscoe and by Carnelley.* 



COMBINATIONa OP PHOSPBOROS WITH THE HAtOGENS. 

Phosphorus takes fii'e in an atmosphere of chloi' 
bums with a, greenish-yellow flame, producing phosphoras ' 
trichloride, PCI3, which, as it cools, takes up an additional 
molecule of chlorine and is transformed uito the penta- 
chloride, PCl^. 

274. Pliosphonis Trichloride, PCI,, may easily be obtained 
by passing a slow stream of dry chlorine thi'ough melted 
phosphorus, or tlirough a solution of phosphorus in carbon 
bisulphide. The two substances rapidly combiuc, and at a 
gentle heat the trichloride distils over. If carbon bisulphide 
has been used, it is separated fi-om the trichloride by irac- 
tional distillation. The trichloride may also he obtained by 
heating phosphorus with mercuric chloride. ' 

Phosphorus trichloride is a colourless mobile liquid of sp. 
gr. 1-61. It boils at 78". It absorbs chlorine to form the 
pentachloride, and oxygen at a boiling heat to foim pliosphoryl 
ti'ichloride, POCI3. 

It is gradually decomposed by water, torming hydrochloric 
and phosphoi-ous acids — 

PClj + 3H,0 = POaH, + 3HC1, 

"With hot water the reaction is vety violent; it is attended 
• Joui-n. Clicm. Soc, AprU, 1S73. 



^^nSO tNOBOANIC CUEHIBTRT. ^^^^| 

with combustion aud with tie aepamtion of amorptons 
phospLonia. It rapidly absorbs ammonia, forming a mixture 
of sal-ammoniac and phosphoroao-Vriamide — 

PClj + GNHa = 3NH(a + NaH.P. 

When heated ont of contact with air the mixture evolves 
ammonia and Bal-ammoniac, and leaves phosphoroeo-dia^nitle, 
NjHjP, which, on continned heating, is further resolved into 
phosphorosiMnonam.iile, NP. 

PhoBphonia trichloride, when heated to 80° -with phos- 
phorous acid, yields a yellow amorphous powder, ■which has 
the composition P^HO. It is a very stable substance, and 
may be heated to 250° without change. It re&ista the action 
of most solvente at ordinary temperatures, but on heating 
with water to 170", it evolves phosphine (Gautier). 

276. FhospbornB Pentacbloride, POl^, is foimed by the 
action of chlorine upon the trichloride. It is a straw-coloured 
mass which, by fusion under pressure, may be obtained in 
prismatic crystals. It is readily soluble in carbon bisulphide, 
from which it separatea in rhombs (Erodie). When hoat-ed 
in the air it sublimes without previous fusion, but under 
pressure it melts at 148". When strongly heated its vapour 
dissociates into PCI, and Clj. It rapidly attacts many metftls 
when heated with them, forming phosphorus trichloride and 
motalJio chlorides, which frequently unite with the excess of 
the pentachloride. 

The pentachloride is readily decomposed by water. When 
exposed to moist air it fumes strongly, and is gi-adiially con- 
vei-teJ into phosphoryl trichloride and hydi-ochloric acid — 

• poIb + h,o = pooi, + ana. 

It contact with excess of water it forma phosphoric and 
hydrochloric acids — 

PCI, + 4HsO = PO,Hs + BHCL 

We have already described its reactions with sulphur 
dioxide and sulphur trioxide, Phosjihorus pentachloride 
rapidly absorbs ammonia, forming, among other produdc, 
dilorophosphamide, N„HjPCla. This substance, on treatment 
with water, yields pliosphodiamido, PONjjH,, as a white 
powder,insoluble in water and acids, and but slowly oxidized 
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on fiiBion with nitre. On heating out of contact with a 
ia converted, with elimination of ammonia, into phosphomona- 
mide or phoaphonitrile, PNO. 

If the product of the action of ammonia on phoaphonis 
pentachloride be strongly heuted in a, stream of carbon di- 
oxide, it yields phoeplia/ta, PHN^, as a bulky white powder, 
which may be ignited out of contact with air without altera^ 
tion. On heating with caustic potash it evolves ammonia, 
and is converted into potassium pyrophosphate. 

If the products of £he action of ammonia upon the pentor 
cldoride be distilled with wat«r, thin aix-sided tabular ciystais 
of pkosp7toiits cMoroniiride, PsNbCIj, are foimed in the 
receiver. These are readily soluble in ether and carbon 
bisulphide. The chloronitride ia slightly volatile at ordinary 
temperatures, melta at lli°, and boils at 250°, In'oacuo the 
substance boils at 160°. It is a remarkably stable substance, 
and may be heated with sulphuric and hydrachloric acids 
without alteration. By long continued boiling with fuming 
nitric acid it is gradually osidized. Its alcoholic solution 
boiled with ammonia or potash yields pyrophosphodiamic 
aoid, Pg(NH2) JIgOs. 

376. PhospWyl TrioHoride, POCla, may be obtalaed, as 
already stated, by the limited action of water upon the peuto/- 
cbloride. It may also be formed by the action of dehydrated 
oxalio acid, or cjyatallized boric acid upon phosphorus 

f- CO. 
CI. 

It may also be easily prepared in a state of purity by heating 

a mixture of the pentoside and pentachloride imder pi-essui-e — 

P,Oj + 3PClj = SPOClj. 

It is a colourless liquid of sp. gr. 1-683 at 19°, boiling at 110°, 
and solidifying when strongly cooled, eapeciaUyin contact with 
a solid body, to a mass of colourless, needle-shaped crystals, 
which melt at - 1-5 (Geuther and Michaclis) ; at + 2'5 
(Thorpe). It is decompoaod by water with formation of^ 
hydrochloric and phosphoric acids — 

POCla + 3H,0 = 3UC1 + HaPO^. 
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With aqueous alculiol it fonuB monoetJiylpJio^horie add, and 
with absolute alcohol triethyl phosphat* — 

(1.) POCl, + aH,0 + 2HaO = C,H,.H,PO, + 3HC1. 
(2.1 POCl, + 3C,H,0 = (CiHjljPD, + 3HCL 

Phosphoryl trichloride, ■when heated with zinc filings to a 
mperatnra ahove the boiling point of mercury, is slowly 
'teduced to phosphoms trichloride with formation of a vitreoua 
mftsc, probably consisting of a combination of zinc chloride, 
and nnrcduccd oxycbloride (the ZnC!^ + POCl, of Cassd- 
raannl) mixed with line oxide or zinc oxychloride.* Phts- 
jihoryl trichloride heated with ammonia forms amoug otheF 
pi'oduots phosphotriamide — 

POCl, + ONH, = POHjN, 4- 3NH,C1. 
The mass when heated with water leaves phosphottiaraide as 
a white amorphous powder. It is a veiy stable Bubstance, 
and may be heated with alkalies and dilute acida without 
decomposition. It is dissolved by strong sulphuric acid, and 
is decomposed by aqiia regia. Fused potesh converts it into 
potassium phosphate with elimination of ammonia. 

The action of ammonia tipon phosphoryl trichloride at a 
low temperature gives rise to pyrop/wsphodiajnia add, which 

F dissolves as an atnmouium salt when the saline moss, after the 
Cotaplotion of the reaction, is treated with water — 
2P0CI, + 2NIIj + 3H,0 = F,N,H,0, + 6HCL 
FyropliospbiKliaiiuc Acid. 

The reaotJon in all probability occurs in two stages; the first 
phase being the formation of an amide, P(NH„)Cl20, thus — 
POCl, + 2NH, = P(NH,1C1,0 + NH.CI, and 
2P(NH,)C^0 + 3H,0 = P,(NH,),H,0j + 4HC1. 

Pyrophosphodlamic acid is dibasic. Its salts may he 
represented by the general formula, P.^NgH^M^Oj. When 
the alkaline salts of this acid are heated with an acidified 
solution of a copper or ferric salt, a precipitate of cupric w 
ferric pijrophosi)hama,U ia obtained, and ammonium chloride 
passes into solution. Thus with fenio chloride — 
2[P,N,II,KjOj) + Fe,Cl„ + 2h^O = 2(P,NH,FeOo) + 2NH^C1 + 4Ka 
Ferric Pyrapboaiihamato. 

* (Thoi-pc) Phil. Mag., S. 4, 42, 305. 
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The ferric salt is a white flocculent precipitate. Its proJuo- 
tion affords a characteristic test for tLe acid. 

Tlie acid itself may be obtained liy decomposing tlie silver 
salt with. hydrocKloric acid; it is a semi-Huid, strongly acid, 
non-crystallizalile ansa. It ia deliquescent, and may be 
heated to a high tempei-ature without decomposition. It is 
a tiibaaio acid. On saturating phoaphoryl trichloride with 
dry ammonia gas, heating the white eolid mass to 220°, and 
boiling mth water for a short time, pyropho^hoVriaimc add 
is formed, together with pyrophosphodiamic and hydrochlorio 
acids. It is a white, noD-cryBtalliae powder, which, when, 
boiled with water for some time, 13 gradually converted into 
pyrophosphodiamic acid and ammonia— 

P,NjH;0, + HjO = PjKjH^Ob + NII3. 
FyrophoBpL otriuuia 

Pyrophoaphotriamic acid ia tetrahasio. All ita salts, even 
those of the alkalies, are nearly insoluble in water. 

The phoaphamic acids may be regarded as derived from 
pyrophosphoric acid, by the substitutioa of I, 2, and 3 atoms 
of amidogen for hydroxy!. Thus — 

PyrophoBpUoric AoiJ, P^HjO, = |{^o}'o [ O ■ 

Pyrcpho.pt-«mo Add, P,NHA = ^g^y-^"'" j O ■ 

PyrophoaphodiamJo Acid,.P,N,HoO, = Iinh^IShoJo " M 

Pyroiihosphotriamic Acid,.PsN3H,0( = p(nh'kHO)0 '^■ 

A phosphorus osychloride, of the composition PO3CI, 
corresponding to metaphosphoric acid, and which therefore 
may be termed metap/Lospkorj/l chloride, ia formed by heating 
]ihoaphorus pentoxide and phosphoryl tiichloride together 
for some hours in a sealed tube; it is a viscid, transparent 
substance (GuBtavson). Its fonnation may be thus formu- 
lated— P3O5 + POCI3 = 3 POgCl.^ 

277. Pyrophosphoryl Chloride, P^O^Cl"^ or pj^^jg | 0, 
corresponding to pyrophosphoric acid, may be obtained by 
the action of nitrogen tfitroxido upon well cooled phosphonia 
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trichloride. It is a coloiuless, fuming liquid, nhich boils Rt 
about 21;!'', with alight decomposition. Its q). gr. ia 1'58 at 
7°. It decompoBea in contact with water, forming ortbo- 
phoBphoric and hydi-ORhloric acida (Geuther and Michaalis), 

278. Phosphorus Sulphochloride, FSCl,, the sulphur aaa- 
logne of phoaphoi^l ti-ichloride, may bo obtained by the direct 
addition of sulphur to the trichloride, exactly as the oxy- 
chloride ia foi-med by the aaamilation of oxygen (Henry). 
It may also bo prepared by the action of sulphuretted 
hydrogen upon phosphoma pentachloride (Serullaa) — 

PCI, + H,S = PSOIa + 2HCL 
It may also be obtained by the action of the pentachloride 
upon antimony tersulphido (Boudimont) — 

3PClj + SbjSa = aSbClj + SPSCl,; 
or by heating phoaphorua pentasulphide together with tbe 
pentachloride (Thorpe)— 

SPC), + PjSj = 5PSClj; 
or by heating phraphoruB with sulphur chloride, and dis- 
tilling when the whole ia diasolved (Chevrier) — 

p, + 3a,'a, - Sj + spscij. 

Phosphorus sulphochloriJe is a colourleaa, mobile liquid, of 
a pungent and slightly aromatic odour. Its ap. gr. is 1'63; 
it boila at 136°, and is but slowly decompiled by water, 
forming phosphoric and hydrochloric acida, together witli 
Bulphurettod hydi'Ogen — 

PSCI3 + 4H,0 = POjH, + 3HC!1 + H,S. 
With caustic potash solution it yields jiolasai'Win nt^jAoaiy- 
phospliate, or potassium IhiophospltaU — 

PSCla + 6KH0 = KaPSOj + 3KC1 + 3H,0. 
The acid ia known only in combination; when liberated tij 
an acid, it is quickly decomposed. 

In contact with dilute ammonia the sulphochloride yielda 
Hiiophosphamio or mlphoxyphospltamie acid. This compound 
may be regarded as thiophosphoric acid, in which an atom of 
hydroxyl ia replaced by amidoges — 

PSCIa + NHa + 2HjO = 3HC1 + P(NHj)HjSO,. 
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If tlie ammonia is concentrated, thiophospJuidianwc acid ia 
formed by the Bubstitution of 2 atoms of NH„ for 2 atoma of 
HO. 

PSCIj + 2NHj + HjO = 3Ha + P(NH5)5HS0. 

According to SchiJF, phosphorus sulphochloride ia converted 

by ammonia gaa into sulpkophoaphotnamide and sal-ammoniac, 

PSClj + 6NH, = PSHjNj + SNHjCl. 
According to Gladstone and Holmes, the following reaction 



PSClj + 4NHi = P(NH,),C1S + 2NH,C1. 
When treated ^th water the product yields thiophosphodiamio 

PS(NH,),CI + H,0 = P(NHj),HSO +,HCI. 
Phosphorus unites directly with bi-omine to form two com- 
[lounds — the tribromide and the pentabromide; the combina- 
tion ia attended with the evolution of heut and light, and 
sometimes with explosion. 

279. Phoaphorna Tribromide, PBra, is easily prepared by 
dissolving phosphorus and bromine, in the proper proportions, 
in separate portions of carbon bisulphide, mixing the liquids 
and distilling. The carbon bisulphide ia readily separated 
from the trichloride by fractional distillation, 

Phoaphorna tribromide is a transparent mobile liquid, 
which fumes in the air, and readily volatilizes. Ia its 
chemical deportment it resembles the trichloride. 

280. PhoaphoniB Pentabiomide, PBrj, ia formed by the 
aotionof an excess of bromine upon phosphorus. ItiaayelloWj 
solid substance, which fiunes sti-ongly in the air, crystallizes 
after fusion, and may be obtained in needle-shaped prisma by 
fiublimation. It closely resembles the pentachloride in its 
behaviour with reagents. 

281. FhOBphoniS Biomochloride, PG^Br^, may be formed 
by adding bromine to the trichloride. The two substances 
unite with the evolution of heat, and in a freezing mixture 
the compound crystallizes out. On melting it decomposes 
into two layers or aolutions of the two bodies in one anotherji 
if, however, the mixture ia kept solid for some days, it fom 
a homogeneous liquid on fusion. It ia an orange-coloui 
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mass, which is resolved into plioaphoms tricUorida Bed 
bromine at 35°. 

282. Phoaphoryl Tribromide, POBi-j, may be obtained bj 
exposing the jiciitabroiQitle to a moist atmospbere, or by 
beating it with oxalic or boric acids. It is a solid cr^talline 
Bttbstanco, which melta at i5°, and boUa at 195°. 

283. Fhosphoryl Chlorobromide, FOCLBr, is a trans- 
parent, colourless liquid, of specific gravity 2'059, boiling at 
13G°, and solidifying, on being strongly cooled, to a crystal- 
line mass, which melts at 11°. It turns yello'w on expcsure 
to light, and is decomposed by water with formation of 
phosphoric, liydrochloric, and hydi'obroniic acids. 

284. FhoBphoniS Bulphobromide, FSBr,, may be obtained 
by processes analogous to those which yield tho sulpho- 
chloride. It crystallizes in yellow octahedrons of specific 
gravity 285, which melt at 38°, It has a penetrating, 
aromatic smell, and its vapour attacks the eyes. When 
once melted it remains liqtdd for days, but solidifies im- 
mediately on contact with a solid body. With water it 
yields sulphur, hydrogen sulphide, hydrobroraic, phosphoroua, 
and phosphoric acids. The following equations lepresenl 
this decomposition. One portion is thus decomposed — 

(1.) PSBr, + H,0 = POBr, + H,S; 
and (2.) POBr, -^ 3HaO = PO(OE), -•- 3HBr. 
Whilst a second is converted into Odophospkorio acid, vbidi 
immediately decomposes into hydi-ogen sulphide and plus- 
phoric acid — 

(1.) PSBrj + SH,0 = PS[0H)3 + SHBr. 
Thiophosphoiic Acid. 

(2.) PS(OH)j 4 H,0 = FOtOHIj + H,S. 
The sulphur and phosphorous acid are produced by &t 
mutual action of the sulphuretted hydrogen and pbospbonB 
acid. 

28B. PhoBphornB Sulphobromochloride, PSCIjBr, hu 
also been obtained. It cannot be distilled unchanged, butu 
it is only slowly acted upon by water, it may be volatilised in 
a current of steam. 

286. Pyrophoflphoryl_ Bulphobromide, pJ^Ji^^ls, b 

obtained by the action of bromine upon phospfaLOmg tifr 
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sulphide, P^Sj,. It is a yellow liquid of pungent odour, wliidi 
fumoB Btrongly ia the air, and becomes tiu'bid from sepo- 
mtion of sulphur. Its sp. gr, is 2'263; it cannot be dis- 
tilled without decomposition. Wten heated it is resolved 
into sulphur, phosphorus pentasulphide, and a yellow liquid 
having the composition P^SBrg = (PSBi-g + PBrj), whicli 
boils at 205°, and solidifies at - 5°. On treatment -with 
wat€v, this substance is converted into a yellow crystalline 
Bubstajice of the composition PSBr^ + HjO (Michaelis). 

287. HetaphoBphoryl Salphobromide, PS^Br, was ob- 
tained by Michaelis in pi-eparing the preceding substance. It 
is insoluble in ether, by means of which it may be separated 
fi-om the pyrophosphoryl compound. It forms a characteristic 
crystalline compound with alcohol of the composition P^S, 
(OCjHj)^ {SCjHj)^, known as dieUwxyl-dieiheuiphyl-pyroaKl- 
pharic ether. 

288. Phosphorus unites with iodine in two proportions to 
form the di-iodide, PIj {to which there is no corresponding 
chlorine or bromine compound), and the tii-iodide PI,. They 
are prepared by mixing solutions of phosphorus and iodine in 
carbon bisulphide. Phosphonta Di-iodide is deposited from 
its solution in carbon bisulphide in orange-coloured prisma, 
which melt to a red liquid at 110°. Pkospluyrua Tri-iodida 
crystallizes in dark red hex^^onal plates, which melt at GG% | 
and are decomposed by water with formation of hydriodio i 
and phosphorus acids. 

No oxyiodido of phosphorus is known. 

289. Phosphoms Fluoride, PFa, is a colourless, : 
mable liquid obtained by distilling lead fluoride with pho« 
phonos. 

290. Phosphorus Cyanide, PCy„ is formed when silv* 
cyanide is heated with phosphorus trichloride in a, seale 
tube. It forms long white needles, which take fire wheikl 
touched with a heat«d rod. It melts at 203°, and distOs o 
changed at a few degrees above its melting point 

291. Phoapliorua Sulphides and lelenides. - 
plioruB and sulphur readily unite when heated togethat 
With ordinary phosphorus the reaction is accompanied wit] 
tho evolution of light and heat, but with the amorphoui 
variety the combination is fat less rapid, although still a" 
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tended with & considerable rise of temperature. Tho fblln'- 
ing Bulphidoa have been described: — 

PlwsphoniB SubBulpWde P,3 

„ Monosulphido, P,S 

., SeaquiBnlphide, ^A 

TrUuiphide, P^ 

„ Pentaanlphide, -...P^. 

„ Peraulplude, P,S„ 

They are prepared by heating the two substances together ia 
the ueceSsaiy proportions. The sub- and mono-aulphida are 
capable of existing in two distinct modifications, each forming 
a colourless liquid and a red solid. The renmining eulphidea 
are yellow crystalline solids ; they dissolve in caustic alkalies, 
and unite directly with many metallic sulphides to form 
compounds termed sulpJiosphiCes and sulphospkates. 

Corresponding pkospliorus selenides have been prepared by 
direct syntheaia. The subseienide, PiSe, is a dark yellow, 
fetid oil, which takes fire in contact with air, and is decomr 
posed by water and caustic alkalies. The other selenides are 
red powders ; phosphorus triselenide can scarcely be diatin- 
guiflhed from amorphous phosphorus in outward appearance. 
These compounds are decomposed by caustic all^lies, and 
unite with metallic sulphides to form sdeniophotph'Uea and 
adetiiophosphaleg. 



292. Arsenic — Symbol As ; atomic weight 75 ; vapour 
density 150.— This element, in combination with oxygen as 
arseniouB oxide, and with sulphur as orpiment and realgar, 
has long been kjiown. Arsenic is occasionally found native, 
generally in botryoidal or kidney-shaped masses, more rarely 
in rhombohedral crystals. 

In small quantities arsenic is one of the most widely dif- 
fused of the elements; it is found accompanying many 
minerals ; it is frequently present in iron pyrites and native 
sulphur, and hence finds its way into sulphuric acid. Many 
iron ores contain arsenic in small quantities, and it has been 
detected in certain ferruginous deposits fi-om mineral TFal«ni 

The most abundant sources of the clement are tho arseoidM 
of L'cn, FeAs^ and FcjAsj, nnd tlio double sulphide of 
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ai^cnic and iron, EeAa, . FeSj. When these Bubatancea are 
heated out of contact with air arsenic suhUmea, and iron or 
ferrous sulphide remains behind. Aisenia is also obtained 
by heating the trioside mixed with charcoal in earthen 
cmoiblea surmounted with iron caps. Arsenic, when freshly 
sublimed, has a bright metallic lustre, and white or steel 
gray colour. Its physical properties vary with the manner 
in which it is obtained. When condensed upon a hot surface 
it forms a compact, highly lustrous mass. In this form it is 
permanent in the air, and may be heated to 100" without 
auflbring oxidation. As obtained by the reduction of aa 
oxide it forms a dark gray powder, or loosely aggregated inaa^. . 
which readily oxidizes even at ordinary temperaturea, 1 
Arsenio crystalhzes in rhombohedrons, isomorphoua wii^fl 
antimony and tellurium. They are exceedingly brittle, i 
nmy easUy be reduced to powder. Arsenic is capable 
existing in several allotropic modifications, which art 
distinguished by difFerencea in specific gravity. When e 
limed in an atmosphere of hydrogen or deposited by thin 
decomposition of the hydride (idde infra), it is partially con- j 
verted into an amorphous, black, vitreous mass of sp. gr, 1 
4'71. In this form it maintains its lustre unimpaired for a 
considerable time on exposure to the air, and is but sIdw£[ 
acted upon by dilute nitiic acid. When heated to 360° it 3 
transformed into the crystalline modification with evolol 
tion of heat; in this state arsenic has the sp. gr. G'721^1 
(Bettendoif). These varieties of arsenic are analogous to the 
crystalline and amorphous forms of red ph<ffiphorus. 

Heated in a vacuous tube or under the oi-dinary pressure 
of the atmosphere, arsenic sublimes without previous fusion. 
It may bo fused, however, by heating it under pressm-e. 
Arsenic vapour has an exceedingly oppressive odour of garlic 
Its vapour density is anomalous, being double its atomio 
weight. Its molecule, like that of phosphorus, occupiesiu 
gaseous state only lialf the volume of the hydrogen molecol 



COMBINATIONS OF AltSENIC AND HYDROGEN. 

Arsenic combines with hydrogen in at least twp proportioi 
to foim B. gnsGOtis and a solid compound. The former has ''' 
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compoaition AsITj; the latter tlmt of AbH^, 
As.H 

293, Araenio Trihydride, or Argeniuretted Hyd 

IAbH,, wEa discovered by Scheele in 1755, and may 11 
be obtainetl by dissolving anc or potassinm axaenide in dilute 
|»lphurio acid — 
AB,Zna + 3S0jH, = 3ZnS0( + SAsHj. 
Or, more Mmply, by dissQlving zinc in dilute Bulpliiiric add 
tontaining tlie tri- or pent-oxide of ai-senic— 
Ab,0» + 6Z11 + eSOjH, = SAsHj + GZnSO^ + SttjO. 
Aese procoBsea yield the gas mixed with free hydrogen, 
Arseninretted hydrogen ia a colourlesa gas, of repuMva 
odour. ItiahighlypoiaononBj even when largely diluted witi 
Kir it prodnces nausea and headache. It liquefies at — 30; 
it has not yet been eolidified. It is but slightly soluble in 
witter. A current of the gas passed into a solution of ailrer 
nitrate precipitat-es the silver in accorclancB with the following 
reaction — 

6AgN0j -[- AsUj + ; 

From a solution of copper it throws down copper arsenide — 
EAbHj + 3S0,Cn = SSO^H, + AsjCu,. 

He gas bums ia the air with a lavender-coloui-ed flame, 
forming water and arsenic trioxlde, which volatilize, and 
may be condensed upon a cold surface, such as the lid of a 
porcelain crucible held above the flame. If the lid be poshed 
down into the flame, metallic arsenic is deposited, ^e de- 
composition of the arseniuretted hydrogen is also efleoted by 
passing it through a tube heated to redness. These reactiona 
are frequently employed in the detection of arsenic (see 
" Detection of Arsenic"). 

The solid hydi-ide of ai-seuic is produced in tie electrolytio 
decomposition of water when the negative pole ia formed of 
arsenic. It ia also obtained by the action of water on 
potassium or sodium arsenide. It is a brown powder, -whioh 
bums, when heated in the air, with a yellow light; when 
' I closed vcaselfl it evolves its liydrogan. 
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The same compound appears to be formed wieii zino aracnido 
ia dissolved in dilute hydrochloric Hcid. According to 
Soubeiran, it has the composition AsHjj from the more 
recent observations of Wiederhold, its formula would appeaj ^ 
to be As.H,. J 
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Ai-seiiic forms two oxides, viz., the trioxide, As^Oj, and 
the pentoxide, As^Oj, The former compound ia formed 
when the metal bm-ns in the ah- or in oxygen; the latter 
oxide, or rather the corresponding aoid, is produced by the 
action of energetic oxidizing reagenta, e. g., nitric or perman- 
ganic acids, upon the metal or the trioxide. "When atsenic acid 
is heated it is converted into the pentoxide by losiS of water. 

294, Arsenic Trioxide, or Arsefntovs Oxide, ASjOg, has 
been known irom veiy early times. It constitutes the mineral 
known as o/rgenite, and is formed artificially on the large scale 
by roasting arsenical ores in a current of air. The vaporized 
areenious oxide ia led through a series of condensing chamborB, 
where it ia deposited in fine powder. By reanblimation it ia 
obtained a& a. glassy mass, constitutinj^ the yitreooa or 
amorphous fonn of arsenic trioxide. When freshly pre- 
pared this variety is perfectly transparent, but in time it 
becomes opaque by passing into the ciystalline modification. 
Amorphous arsenious oxide has the specific gravity 3'738, 
Arsenious oxide may be obtained crystallized in two distinct 
forms, viz., in octahedrons and in rhombs. The octaJiedral 
farm ia produced when the vapour of the trioxide condenses 
upon a cold surface, or when a saturated solution in hot 
water or hydrochloric acid is allowed to cool. This form ot 
the oxide haa a specific gravity of 2'695. The rhomhio 
variety is isomoi'phous with valerUvnite or native antimony 
trioxida It is found native in colourless, semi-transparent, 
flexible crystals of specific gravity 385, and is deposited from 
on alkaline solutiou of the oxide. This would appear to be 
the more unstable form of arsoniona oxide, since on heating, 
or by solution in hot water, it is converted into the octahednii.- 
variety. 

When heated to 220° the cryBtallioe modificcitiona a: 
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Tert«J, ^rithout previous fiision, iato a colourless, iaoioro&l 
vaiKiur, which ia nearly 14 times heavier than air; by heating 
the oxides trader preaauro they may be fused before they 
volatilize. The vitreous form of the oxide may be fused 
under the ordinary pressure. 

Arsenic trioxide is but slightly soluhle in cold watfr; a 
saturated solution contains only about 2 per cent The 
oxide dissolves more readily and to a greater extent in hot 
water. The amorphous arsenious oxide appears to be slightly 
more soluhlo in water than the crystalline variety; but the 
solution of the vitreous modification is retarded by the diffi- 
L oulty of bringing the water into intimate contact with the 
Bpxido. Wlien a small quantity of the finely powdered oxide 
1 into water, the greater portion swims upon the 
,ud it ia only after protracted boiling that the par- 
a become thoi-oughly wetted. Hot dilute mineral aoiils 
aolve the oxide to a greater extent than water, but the 
_reater portion is deposited as the solution cools. 

A solution of arsenic trioxide in water {arsenious acid) baa 
very feeble acid properties. The oxide dissolves in potash or 
soda solutions, but without destroying the alkaline reaction of 
these substance. On exposure to air, the solution gradually 
absorbs carbon dioxide, and the arsenious oxide is deposit^ 
in crystals, which, from the slowness of their formation, fre- 
quently acqiiire a considerable size. Sodium arsenite is nsed 
by the calico printer. The greater number of the arsenite 
are insoluble in water. The mtst important are the copper 
and silver salts. Copper arsenite, or Scheele's green 
(CuHAbOjI), is employed as a pigment. It may be fonned 
by adding a salt of copper to a solution of potassium arsenite. 
A copper aceto-arscnite, 3CuAs,Oj{02H',Oj)jCu, known as 
Schweijifurth, or im]>erial green, is also laigely used as a i»g- 
meut It is prepared by mixing arsenious oxide with coppvr 
acetate and water. Silver arsenite, AgjAsOj, is obtained as b 
light yellow precipitate on adding a solution of silver nitrate 
to an alkaline arsenite. It gradually changes colonr on ex- 
posure to light, and is decomposed when heated. It readily 
L. dissolves in acetic acid, and is thus distinguished from silver 
BCthophosphale. Its formation is fi-cquently used as a, test 
*"r arsenious oxide. 
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Araenious oxide ia highly poisonoua, a dose of two or 
three grains being sufficient to cause death. Despite its 
intense toxical action, it ia consumed by the Tyrolese moun- 
taineers with the alleged object of impi-oving the power of 
their respiratoiy organs. By gradually accustoming them- 
selves to its action, the peasants are capahle of taking doses 
which to most persons would be attended with fatal conse- 
quences. 

395. Arsenic Pentoxide, ASnO,,. — Arsenioua oxide, heated 
with nitric aciJ, or suspended in water and treated with 
chlorine, is convei'ted into arsenic acid, HjAsO^. When 
a concentrated solution of the acid is allowed to stand, it 
deposita transparent, deliquescent prisms of the composition 
SHjAsOj + HjO. These when heated to 100° melt, and 
give up their water of crystalUzation. 

296. Pyroarsenic Acid, H^AsgOj, ia formed by heating 
the crystallized acid to 160°. When redissolved in water it 
appeal's to be transfoiTned into the ordinary acid. 

397. Meta-araenio Acid, HAsO,, is obtained by heating 
the pyro acid to 200°. It ia a wiiite, nacreoua powder, whjcli ■ 
on treatment with wator dissolves with the evolution of great 1 
heat, and ia converted into the ordinary acid. 

At a atill higher temperature the acid pai-ta with the whola 
of ita water, and is transformed into arsenic pentoxide. 
This substance may remain in contact with water for some 
hours without much change, but after a time it suddenly as- 
similatea the water, and i-apidly dissolves with the production 
of heat. At a red heat it is resolved into arsenioua oxide and 
free oxygen. 

Arsenic acid is now manufactured on a large scale for the , 
use of the dyer and calico printer. It is also employed to a 
considerable extent in the manufacture of the so-called c 
tor colours. 

Ai-senic acid is poisonous, although not to the same e 
as the trioxide. A sti-ong solution of the acid acts rapidl]^ 
upon the skin, producing painful blisters. 

Arsenic acid is tribasic, and many of its aalts are isomo^^ 
phous with the corresponding phosphates. The moat impor- 
tant areenates ai-e the disodiura salt, NajHAsO^, which is used 
to a large extent as a mordant; ammonium-magnesium 
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arsenate, Mg(NH,)A30,, a highly insoluble compound, v 
on heating ia i^esolved into magnesium pyroai-senato, Mgj 
As^Oj ; and silrer arsenate, AgjAsO^, a reddish-brown 
precipitate farmed by adding silver nitrate to sodium arsenate. 
It is readily soluble in ammonia, and in acetic and nitrio 
acids. Many arsenates otxiur native— e.j., /laidingerile, 2Ca 
HASO4 + H5O; pharmacolite, CaHAsO, + 5HgO; oHvtadU, 
Cuj{A80JjCaHjOj ; nicM bloom, Ni,(As04)j. Those i " 
erals have been obtained artificially in crystals by heating 
the corresponding metallic carbonates with an aqueoos s ' 
tion of arsenic acid in sealed tubes. 



OOMBiyATIONS OF ARSENIC WITH THE HAL0GES3, 

Areenic readUy combines with the balii^ena, Wienfin^ 
powdered it takes tii-e in an atmosphere of chlorine or 
bromine. 

S98. Arsenia Triohlorids, AaCI^,, is formed by the direct 
union of its components, or by beating & mixture of arsenic 
and mercuria chloride, or by distOling arsenioua oxide wili 
strong hydrochloric acid, or with a mixture of salt and boI- 
phui-ic acid, or by passing ehloiine over heated arseuic 
ti-iozide. It forms a colourless, oily liquid, which boils at 
132°, and remains liquid at - 29°. In contact with a small 
qiiantity of water it is converted into an oxycbloride of tlie 
composition AsClO or AsCla . As^Oj. It is a viscid, semi- 
transparent, fuming mass, which when strongly heated is 
converted into a vitreous Bubstanca of the composition 
AsCIO-ASjOs. With excess of water ai-senic trichloride ia 



and hydrochloric acids. Arsenii) 



decomposed into 

trichloride unites directly with ammonia to form an ammonio- 
arsenic chloride of the composition 2ABClg. 7KH3, which is 
Bolublo in water, and alcohol without deoompositioiL On 
boiling the aqueous solution the compound is decomposed 
I into arsenious acid and sal-ammoniac. 

. Arsenic Tribromide, AsBr,, may be obtained in 1 
: similar manner to the trichloride, or more readily by agitating 
I powdered nrsenic with bromine dissolved ia carbon di- 
tiulpida. It crystallizes in deliquescent prisms of Bp. gr, 3' 
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melta at about 20°, and may be volatilized unchangecL Several 
oxybromides of arsenic have been prepared. 

Ko pentabromide or cbloride of arsenic has been obtained. 

300. Arsenic Tri-iodide, Aelj, is formed by tbe direct 
Knion of ita elements. It is an orange-colonred crysttilline 
substance, soluble in water (by wbich it is slowly decomposed) 
and in alcobol, from which it may be obtained crystallized in 
bright red, Bhining plates. In contact with boiling water it 
ia graduftUy converted into an oxyiodide of the composition, 
AsgLOu = 2AbI0 . SAsoOj. 

aOl. Areenio Trifluoride, AsFj, is obtained by distilling 
fluorspar and arsenic trioxide with sulphuric acid. It ia a^ 
fuming, highly volatile liquid of sp. gr. 3-73, it boils at 63"^, 
and is decomposed by water, forming araenious and bye" 
fluoric acids. 

303. Arsenic Pentaflnoride, AbF„ is known only 
bination with certain metallic cblorides. The following 
compounds have been obtained by Marignac : — 

Potaasinm Araenic Fluoride, 2{KF . AaPjjHjO. 

DipotaBSiom Araenio Flnorido, 2KF. AsPj. H,0. 

By rei>eated treatment with water, tbe former compound 
yiel^ iiotassium arsenic oxjiftuonde, K¥ . AaOFf -t H^O. 
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Combinations op Assesio with Sulfhdb. 

Ai-senic combines witii sulphur in at least three proportions 

to form sulphides of tbe composition AsgSn,Asj9„ and As,S,. 

303. Arsenic BiBulphide, A&,3^ occurs in nature, con- 
stituting tbe mineral known aa realgar or ruby sulphur. It 
may be obtained artificially by fusing arsenic and sulphur 
together in the proper proportions. It is used to some 
extent as a pigment, and in pyrotochny. Indian iohitejiTe 
consists of 24 parts nitre, 7 parts sulphur, and 2 parts 
realgar, 

304. Arsenic Triaulphide, As^Sg, also occurs native, form- 
ing orpiment — the auripi^mentiim of the Romans. It is a 
bright yellow, crystalline body, of sp. gr. 3-i. It maybe 
prepared artificially by passing a stream of sulphuretted 
nydrog ' i through a solution of arsenious oxida It is pre- 
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pare*! on the large scale for use as a pigment, nnJer tl 

of king's yellow, by Bubliming a mixture of arsenic oa 

sulphur. Ai'scnic trisulphide ia readily disaolved by sola-] 
tions of tlie alkaline carbonates and oxides, and uniUa ] 
directly with many metallic sulphides, forming salts termed 
tuIpkargeiiiUg. The ammonium compound, formed by dis- | 
solving arsenic trisulphide in ammonium sulphide solution, | 
has the composition 2{NH J^S . As„Sr I 

305. Arsenio Pentasalphide, -^^S^, cannot be obtained 
by precipitating a solution of arsenic acid by sulphuretled 
hydirogcn. The precipitate so formed is a mixture of the 
trisulphide and free sulphur, in the proportion requii'ed bj 
the formula, As„8j. 

The pentaaulphide is known, boweTer, in combination with 
metallic sulphides, forming the so-called sulpftarsenatea. The 
general formulae of these salts are — 

MetasnlpharBBnnte, MAaS, 

Pyroauliiliaraenate M.Aa.S, 

OrlliooulpharBcnote, MjAaS,, 

analogous to the meta, pyi-o, and oi-tbo modifications of 
pbosphoric acid, 

S06. Detection ol Arsenic. — Arsenic compoiinds, more 
especially arsenious oxide, are occasionally made use of tot 
ci-iminal purposes; few poisons, however, are more readily 
detected than arseuic. Arsenious oxide itself may be dis- 
tinguished by giving, with ammoniacal silvei- nitrate solu- 
tion, a yellow precipitate of silFer ai-senite; and, with am- 
moniacal oupric sulphate, a light green precipitate of copper 
arsenite (Scheele'a green). An aqueous solution of arsenions 
acid, acidulated with hydrochloric acid, gives a yellow preci- 
pitate of arsenic sulphide when treated with sulphuretted 
hydrogen. If the arsenic snlpbide be collected, driedi 
mixed with potassium cyanide, and heated in a narrow 
tube, a black ring of i-educed arsenic will be obtained. If 
the portion of the tube containing the sublimate ia cut off I7 
means of a file, and inti-oduced into a wider tube and heftte^ 
the arsenic combines with oxygen, and is convci-ted into ' 
arsenious oxide, wliioli condenses in shining microBCOjaB 
octohedra, on the colder portions of the wider tube. The frig- 
meat of the narrow tube may be thrown out, and the wi^ 
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linmto of arsenious oxide disaalTed in a few drops of hot 
water, aad ti-eated with silver nitrate and copjier sulphate 
Bolutiona, as above deacribed. 

The ease with which a solution of arscnious acid givea rise 
to araeniurettod hydrogen, in presence of nascent hydrogen, 
may be applied to the detection of arsenic. If the solution 
containing tha arsenic l>a jioiired into a flask in which 
hydrogen ia being generated from zinc ajid auiphuiio acid, 
arseniuretted hydrogen will be formed. The ikme of the 
issuing hydrogen will be coloured characteristically grayish- 
violet, and white fumes of arsenious oxide will be formed. If 
a piece of paper moistened with ammonia-nitrate of silver be 
held over tha flame, it will quickly ho stained yellow fiom 
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formation of silver araenite. If apiece of porcelain be thriu 
into the middle of the flame, browniah-black lustrona stain 
of arsenic will be deposited oa the poi-celain (fig. 112). 
beating tha glass jet thi'ough which the gas passes to low 
redness, the arseniuretted hydrogen will be decomposed, and 
a highly lustrous mirror of arsenic will bo formed within the 
tube. The portion of tuba containing the mirror may be out . 
off and oxidized in a wider tube; on dissolving the aublin 
arsenious oxide in water, its solution will give the chaiai 
teriatio precipitates with copper and silver salts. 

If a strip of bi-ight copper foil be boiled with a solution rf 
arsenious oxide, araenio wilt be quickly deposited on the foil, 
which thereby loses its characteristic reddish colour, and 
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becomes gray. If tbe atrip be dried by filter |»pat^ a^i 
heated in a wide tube, the arsenic is oxidized and eublimes, 
The solution of the aublimate in water must be tested with 
copper and silver salts. This method oi detecting arsenic ia 
known as "Eeinsch's test." 

It occasionally happens that arsenia has to be sought foi 
in highly complex mixtures, containing large quantities of 
organic matter, as in soup, gruel, the liquid contents of the 
Btomach, iic The presence of the organic matter interferes 
with the direct application of the above teats. The orgamo 
matter may readily be destroyed by heating the liquid wili 
hydrochloric acid and potassium chlorate. After the com- 
plete expulsion of the excess of chlorine the liquid is to be 
treated with sulphuretted hydi'Ogen, which gradually reduraa 
the arsenic acid formed by the oxidizing action of the chlorine 
to the state of ai-senious acid, and afterwards converts it into 
arsenic tri-sulphide. The impure arsenic sulphide thus formed 
is collected, dried, and heated, with a di-op or two of sulphuric 
acid to ehar organic matter, redissolved in water, filters!, mmI 
again precipitated by sulphuretted hydrogen. The sulphide 
may then be reduced by potassium cyanide, as described 

Or instead of the foregoing method, the solution may be 
boiled with piu^ dilute sulphuric acid for a short time, 
whereby the starch is converted into dextine, and albuminouB 
substances, .casein, &c., are coagulated. The liquid is filtered, 
treated with sulphuretted hydrogen, the impure sulphide 
heated with pure aqua regia to destroy organic matter, the 
liquid is evaporated to dryness, and the residue dissolved in 
dilute hydi-ochloric acid, reduced with sulphur dioxide, boiled, 
and again treated with sulphuretted hydixigen. The sulphide 
now obtained may be i-ied and heated with potassium 
cyanide, or with a mixture of powdei-ed charcoal and sodium 
coa-bonate. 

On account of its sparing solubility, it may happen that 
a portion of the arsenious oxide contained in the liquid to be 
examined may be undissolved, and a careful search in the 
lining of the stomach or in the sediment formed in the 
organic liquid may reveal it in the form of small, gritty, whiU 
particles. If these are found, they should be collected and 
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dried with bibulous paper, and heated in a narrow tube with 
a fragment of charcoal previously heated to redness. The 
vaporized arsenious oxide in contact with the charcoal is re- 
duced, and the arsenic condenses upon the tube. Thi^ mirror 
thus obtained is oxidized in a wider tube, and the arseni- 
ous oxide formed is dissolved in water and tested with silver 
nitrate and copper sulphate solutions. As arsenious acid in solu- 
tion readily passes through a moistened membrane, whereas the 
greater portion of the organic matter contained in the liquid 
of the stomach, or in gruel, soup, &c,, is incapable of so 
passing, Graham has proposed to separate the arsenic by 
dialysis. The organic liquid is poured upon the dialyser, 
which is floated in a basin containing pure water. In a few 
hours the arsenious oxide, together with any other crystallized 
substance which may be present, passes into the pure water, 
and the solution, after concentration, may be treated with 
sulphuretted hydrogen, and the identity of the sulphide con- 
firmed by the tests above given. 



WILLIAM OOLLDfS AND COMPANY, PRINTERS, GLASGOW, 



^^^^^^^nno^^^^ 








a.roiBoMf.lO.'^ 




Aciil,D.flnl»loiiof.n. IM. 


gi::?"^?;''"' 


ADld..Ba.iijilyof, 107. 




Borio, or Borado Aoid, 8«. 




Boron. SSS. 




„ Bromide, ir,». 




.. Chlmids, S59. 






InAir.lSJ. 


„ BulpUJa, SM. 


A>iiii}iiii,lll. 


BtoniioAcM,aB3. 


ABliuhlM, 35B. 


Bromine, 280. 


Aqoa-l^is, SM. 


Clilorldo, 293. 






AriBBiD. 398. 


BnnMn lamp Ftamo, 237, 






;; :: ^S.^S^HXi- 


CarbcD, SOT. 


thD HUogeui, 


,. BromJdu. S«. 1 


SB4. 


Chloriim, 297. ^^^J 


„ BMfflWe, 3M, 


Compaiiiidivith Efdnigan, Ell^^.;^^^! 


„ Ctalorida. OSl. 


Dioxide, in AH, ITS. ^^^H 


. „ Plnoridot, 8M. 


Dioa,]., sag. ^^^H 


„ Iodide, SfiS. 




„ Bnlpbida, m. 
„ laSetnt1dii.3M. 




BUUK, 2M. ^^H 


Arasniuntttd HyiitDgaB, SM. 


Lipoid, 2*9. .^^^H 


AtBolrri.. 60. 


PiSpi^Iloi. ud Fk^^^I 


iciJidBntiil InipnriliM, 1S3. 


„ .. ^ea» ^H 


Chamicul RolnlCi, 17-i. 


HoDDilde. 249. J^^^H 
Fnpantion ud pM^^H 




penla^ anD. -^^H 


Eitont, m. 


Aclion, on tb> ^^H 




EooooioT, ^^^H 


Praan™, IISS. 


Euiphld«. S4!. ^^H 


., RelaUoDitoHut, 171. 


c^w,-ad^^r'-^"- ^M 


„ Woighi. :i. 


CncboDf] C-hlocidB, 303. ^^^H 




Ch^rrcA 910. ^^H 




Gliemiosl ASnltf, 12. ^^^H 




ModlT/lDBlnlliiniiHoMIL j^^H 


Spsolflo HMt, U'.>. 






BpeaLBc Valume, 1S5. ' Cbsmiattf, lU Fruvinoa, D. ^^^H 


^H 



«02 



^^H Cb«iiUtrT,SDb-d[i>i>la(uofllia6i]icni», 
^H Olilorie Add. STS. 
^^H Gbloilde Dt Bromine 

^^B Clilarlni 

|i 



CihIOu, a:i 



iiii^97( 



IKOROANIC CnEMISTRT. ^^^| 

l[i>i>la(uofUiaSi]icni»,1S. OaHi, Constitatlon, SO. ^^^^| 

Daoiit;, 46. ^^^H 

Dine. S9S. EKWnEioD In fiat, <3. ^^^H 

a, MuiabctDre of, 371. Bdiition of Volume M |^^^H 

tii» and Fnunre, 33. ^^^^H 
utlont with OlJgBr. 273. Qaaeoiu Diffiuion, M. ^^^^ 

de. 9T3. Graplilti, iw. I 

97fl. 

Haloseni, 304. 



Com 



nB(4aD, ttnt at 



' Nimenolntii 
Onnrtant Proportion, 1*1 

Cuitomntion, Water of. 111. 



Cjanide at Hjdiogen. 29 
„ Pioportiiu lu 



Iodide, 903. 

Diamond, EOS. 

t)i>tilIatl0D0fWi>t«r.i4 

DiHuani 



Binsry.l 



[>iaibliulloawItliCubi>ii.in. 
CouliliuiUoa with Cuboo ud 

By^TOBba, 300. 
Comblualion widi CvboD uil 

Nitroeen, 80*. 

Combinition with Oivgea tni 

Nilrogen, 390. 
CutnbiniitJaD with K11i»d, StU. 
HalhydmtloD, W"" — ■" """ 



Heiit,Ri 



udPatJl'sLin, IJ^. 
LiHt.witU SjmlHlB and Ai 



KcinaUoju, Cliemioil. S 
Xibeiui, 21B. 

" Chloride^ 302. 

I, lodochloridej i 
BtWiie, 221. 
ElhrlsDe. SIS. 
Buonloiiu^, 377. 

FlltolionrfWator, PO 
Plrfr^iuan, 2IT. 
Fluoboila Acid, 360. 
Flnorio Acid, 307. 

Formoniirile.'aSS. 
Fononls, Chemiuol, sr 
FnesDg, Eipanaien of 
Walsr'. poiol 

Gai. Ccal, 930. 



r. 143. 



Uydrochlotio Acid, 
Hjdrocjaniu Aeid, 
H jdroauoborio Ac 



Com pooDdi with C«tl)ffli,2M. 



Propoitiee, M, 
BulphidB, Sl», 

HydrDjenioni, 81, 

nydroxjlamifie. 207. 

H] pubrumoui Aoid, £83. 

tlypotmlpburouB Acid, asT, 






■nnhottira oT, XT. 



ui^Cm" 



ITilcogaii, 189, 

„ Chlorido, Wt. 

„ CompoiinrlB with Oijgsn, 193. 

',', FrepaiaUoD, 163. 

Nittohj'i™!!^ Ami, m. 
Nitcoiyl Chlo^lde^ 2M. 

NllrynSioiide,'™ 

OrthophtHphork Aijid, 3T5. 

„ 'Ai^ononFotiisiIniiiCblaiate,64 



Oijhjilrogen Flmio, 63 



methyl MenJiptU), 310. 



FkHphidA Hjdroeen , SAB. 
Phoaphoniom lodlds, 311, 
Fhoiplioietted Hjdroeen, 308. 



CombiiiatiaDa vltli Hj^dro- 



eeIen°der'G8T 
BnlphldH, se 



PTDportioo, Law uf ConstH 



RsoJptDCal Proportion, 143, 



„ Hydride, aSD. 

„ lodlda, SOS. 

„ UenuplAa, S30. 

„ NiJrijB, £0*. 
Smolce, rrom Cool, tta Coiapoiltlali, 
Sod Water, 141. 

Solid BDt«tuic«, SolublUt/ of, 107. 
SoloHoD, 102, 
Spring Water. 137, 
Bulpbnr, 311. 




404 



IXOBGAXIC CHEMISTRY. 



S44L 

Tkuajl CUcride. UT. 
Tliwaalpkane Acid, S3S. 
TneUonMtliTl Solpliiuxmi al]ond^ Sid. 

VcntUAtioo, 241. 
Vitiiol. SfS. 

M Nordhuuen, 3^4. 

Water, Compoaatioo, SS. 
„ Crrstallizatioo. 111. 
„ Eomomic and Technical fnur- 

poMs, 142. 
M Freexins Point, 113. 



; Water^ Hard And Soft, 148. 
^ latent Heat, 124. 
KatnnO, 137. 

Property of AlMorbing Gaflea, 101 
Proi^ertua, Variooa, 98, 
Ponfioation by Distillation, 99, 

» FUtration, 99, 

Rain, 137. ' 

ReUtiona to Heat, 114. 
River, 139. 
Sea. 141. 

Spheroidal State, 128. 
„ Spring; 137. 
Weights, 24. 



»• 
»• 
*• 
t» 
»» 
»• 



»» 



QUESTIONS AND EXERCISES, 



CHAPTER I. 



1. Wiat ia the origin of the word Chemistrj ! 

2. Describe experiments to show that in manifostations of chnml- 
col action no loss of matter occurs. 

3. Explain how chemical affinity differs from other forms of force, 
and show how chemical combination difiers from mechanical mix- 

4 Define the terms element and cltemkal compound. What is the 
present number of the elements ? What reaaotis have we for belieT> 
ug that additional elements may be discovered } 

5. How are the naipea of the elemcnte derived? Give instances, 

C. Kame the two great subdivisions into which the science of 
Chemistry is usually mvided, and point out the irratiaual nature of 
the subdivisions. 

7. Explain why no real line of demarcation exists between tbo 
olaasea of metals and non-metals. 

S. What is meant by the terms ayntheeia and analysis ! 

9. Define the terms chemical sjraioi, combining vieii/hl, chemical 
formula, and ehemical equation. 

CHAPTER 11. 

10. Give a short account of the metric system of weights and 



12. The distance from the equator ta the poles is about 10,000, 
standard metres. How many English miles is this equal to I 

13. The floor of a room measures 18 feet x 21 feet. What is 
BUperficial area in metres ! 

14. How many grams correspond to 1 oz. avoirdupois f 

15. The pressure of the air is about 14J lbs. on the square in 
What is the pressure in kilograniB per square centimetre t 

16. How many litres are contained in 1 gallon T How many cubio 
centimetres in a cubic inch 7 

17. A gas burner consumes about 70 litres of coal gas in an houF.. 
How many cubic feet is this equal to ? 

IS. Explain the construction and mode of working of the chemieal 
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baliuice, and state the conditiona which detennuie its aocnracy mi 
niuibility. 

IB. Explain the methodB of vxigltittg by sab«titution and ftj/rfwrao^ 
and state how the preaence of the air affects the detemunaSoD of QiB 
true neight of a body. 

20. Viliat ia a thermometer! 'Wherein docs it differ from a colo- 
rimoterT 

21. Describe fully the mode of making and graduating the ordinal? 
mercurial tbetmometer. 

22. Nome the thermometrici acolas at present in use, and show bow ' 
the indioationa on ouy one of the bcbIbb may be translated into terms 
of the others. 

23. Convert 50° F. into °C. and °R. 

85' C. „ 'F. aad -&. 
, „ 310° R. „ °V. and "F. 

S4. Mercury boils at 367' C. and freezes Bt40°C, Convert thtee 
temperatures into ''F and *R. 
25, To what errors in the mercurial thermometer liable ? 
20. Describe the mode of determining the boiling point of a liqnid. 
27. Enuuciata Boyle'a law. Is it ahsolutoly truo I 
2S. What is a barometer ! How is it mads ! 

29. Mercury is 13596 times heavier than water, and the specifio 
nWiVitioB of aaa.wator and glyosrino are reBpoctively l-02fl7 and 1 "27. 
What would be the heights of coliunna of Bca-wator and gly<;enna 
correaponding to 30 inches of mercury T 

30. Enuncuite the law of Charles, and describe the mode in whioii 
it was verified by Gny-Lussac. Is it absolutely trae ? 

31. What is the co-efficient of axpansion of gases for 1" C. t El- 
liRiu tbia fraction in terniH of 1° F. and 1° It. 

82. Define the standard of tomperaturo and of preaaure for gases. 

33. Twanty-Hve oobic centimatrea of gaa ore measured under t 

proBsnre of 740 millimBtrea. Beduca the volame to atandard presaon. 

34 A spherical bubhle of air measures 1 centimetre in diametet 

I under a presauce of 700 mm. What will be its diameter at 760 

' 35. Reduce 1500 c.c of air at 735 mm. and 12° C. to the vokine 
at standard tempcraturo and pressure. 

30. Describe the mode of dctartmning the density of gaaes. 

37. Point out the relation that existe between the aeuBiti«s mi 
combining weights of the olemcntary gases when hydrogen is tidteo 
as the unit of weight and volume. 

I CHAPTER m. 

I 38. What are the imtnrftlly-ocourring aoaroea of free hydrof^t 
Name a few substances in which this body exists in a state of com- 
bination. 

39. How is hydrogen usually prepared? 

40, What is the action of eodiomnponwatur? How mnch sodiuis 
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is required to decompose 10 grma. of water, and what voliinie oE 
hydrogen, at 10° C. and 755 mni. will bo obtained ? 

41. What is the action of steam upon red-liot iron ! Wiat weight 
of OKide ot iron, and what volume of hydrogen, measured at 0° C. 
and 7G0 m.m., can be obtained from 72 grma. of ateam! 

42. How ia the copper-zino couple prepared, and what is its action i 

43. Give some account of the chief properties of byJn^en, 

44. What is the crith T 

45. What is meant hj the expression difusion of gases ? Ennnoiato I 
Graham's law, 

4tt, Explain the term atmohjsie. 

47, Give some account of the coustitution of a ens. 

48, How and when waa OKygen discovered by Priestley ! _ 
40. What ia the effect of heat upon potassium, chlorate, and howfl 

may the action of manganese dioxide, in facilitating the decompoai- m 

tion of this salt, be explained t 

60. How can oxygen be obtained from bleaohingpowder I 

51. Describe the main properties of oxygen. What is the origin 

53. How can you show that the terms mpportcr n/ conOmeiion and 
combtistMe are merely relative ? 

63, What ia the action ot oxygen upon the animal economy I Giva 

a short acconnt of the process of respiration. J 

CHAPTEE IV. ■ 

54. Define the terms allotropy and isomerism. ' 
65. Give a short accoont of hydrogeoiam, 

5G. Describe the various modes of obtaining ozone. How may it 
be detected and what is its constitution ! What is its action upon 
indigo, lead- sulphide, barium, and manganese dioxides, and metallia 
silver T 

CHAPTER V. I 

S7. Deacribe the mode In which Cavendish determined the com- 
position of water. 

55. Describe the modem synthetical method of determining the 
composition ot water by volume. 

59. How can it be shown that two volumes ot hydrogen and one 
volume of oxygen form on combination two volumes of steam t 

60. Deacribe the method employed by Dumaa to determine the 
composition of water b^ weight. 

61. Deacribe the mam properties ot water, 

62. State the conditions which determine the amonnt of any gaa 
diaaolved by water. 

G3. What is the law of partial pressuresT 

64, Give It brief acoouut of Graham's observationa on liqt 
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63. WUkt IB meant by the term miperealuniitd golutionf 

66. Give exuaples ahowing bow water of combin&tioii laodiEei 
tllG farm and colour of salts. Wbst is meant by water of hallij- 
dration! 

67. Give an account of the mlutiomi of water to heat. 

68. What is tiie temperature of maiimom density of irater! How 
baa thii point been determined T How does the addition of commolt 
BiUt affeot the point of maximum denaityT 

69. What is the effect of pressure on the melting point of ioe ? 

70. Give an account of the phenomenon know as regelation ! 

71. How is the latent heat of water determined ? 

7*2, Describe the mode in which the latent heat of steam is de* 
tormined, 

73. Describe experiments showing that the same aulntance require* 
more heat for its anisteQcu in the gaseous than in the liquid conditioL 

74. What is meSiDt by the spheroidal state of a liquid T 

75. How can water or murcnry be frozen in a stron^y heatel 
crucible ! 

76. What is meaut by the Uasion of aqaeotis vapour f How ii it 
measured! 

77. Describe eiperiments Bhawingtheioflnenco of theai 
bent pressure on the buiUng point of a liquid, 

78. Define the boiling point of a. liqnid. 

79. Why is it necessary to ascerbiin the barometric p 
determining the upper lixed point on a thermometer T 

80. Mention the various circnmatancea whioh modify the boiling 
point of a liquid. 

81. Describe the construction and mode of action of the orycfiluiniSt 

83. Enumerate the substances usually fonnd in spring-water. 

63. What is the percentage amount of solid matter oontained ia 
Atlantic Ocean waUr ! 

84. To what is the "hardness" oE water duo! How may "hard" 
water be softened ! 

65. Describe the preparation and properties of hydrogen dioxide. 



» 



CHAFCEE VI. 

;. Enumerate the laws of chemical combinati 



and show how 

87. Explain toe various modes by which the atomic weight of an 
element ia detemiiQed. 

88. How may the weight of a litre of any of the elementary or 
compound gases be calculated! 

69. Define the terms alom and moteciilf. 
. 90. What is meaut by the specific heat oF a bod^ ! Show how l 
^lowledge of the spccico beat of a substance aids in controlling iti 
pbnnio weight. 

Si. Show bow the crystoUographic characters of a body an fn* 




qsently of importance m dutcrmiiuiig its position nmong the cbeu 



CHAPTER Vir. 

92. Wliftt ia the origin of the word nitrogen ? When and by whomfl 
was thia gaa diacoverod * Give the derivation of azote. m 

S3. Deacribe throa different methods of preparing nitrogen. GiwV 
the main properties of '^' " — 

04. What IS the avt 

95. Calculate the tc . _ ,^ 

96. Give a short account of the distribution of atmoapberic pre 
anre over the earth's surface. 

97. What is meant by the diurnal variation of the barometer T 
9S. Give some account of the relations of the atmosphere to heat. 
90. Write a short history of the progress of knowledge conceniing 

the atmosphere in its chemical relations. 

100. How can it be shown that the air ia a mechanical mixture of 
its coustitaent gases ? 

101. Describe the method emplayed by Dujiias and Boussingaolt* 
to determine the composition of uia air by weight, 

102. Enumerate the agencies tending to abatract oxygen from tl 

vapour in the air detennined t\ 
iaing the quantity of eorb* 
dioxide in the air, 

105, Explain the action (1) of animals, and {2) of plants on the ai 
100. How do plants obtain their nitrogeu? 

CHAPTER Vm. 

107. How may ammonia be obtained! What are its propertiai 
How is its composition determined ! 

108. How many litres of ammonia eas at 10° and 7iO mm. pressure M 
may be obtained from one kilogram c^ Bal-nmmoniau T ■ 

109. How ia nitric acid obtained? Calculate the amount (1) tt'm 
nitre and (2) of Chili saltpetre required to prepare 100 kilograms of fl 
pore nitric acid. 

110. Give the chief tests for nitric acid. 

111. Define the term acid. What is meant by an acid-radicM 

112. What ia meant by the ba^Uy of an acid! 

113. How is nitrogen pentoiide prepared ? What are its properties 

114. Why ia nitrogen totroxide at 140° regarded as poaseasing onl 
half the molocalar weight of the liquid substance! 

115. What is the action of water upon nitrogen tetroiide? 

116. How is nitrogen trioxide obtained, aud what are ita chic 
proporticst 

117- Deacribe the different modes of preparing nitroRcn dioxide, ani 
etate its chief propertiea. How may its compoaition tie detemunod 




. » 0) Hnuaoninm nitrate, tnl 

■ aitacite; Gin tana •eeewit of the properties of tin 

UMdMtt 

Bern iMjr it be obtunedT 

CmAPTER IX. 

» propertiM «f flu TArioiis aDotrqM of 

n 4rf bone-black? How ia lamp-Hid 

As. WlaC ia BMat (1) Vt >» liomologwiu series, and (3) hjat 
MitifiwMnm* 

US. Ottib» tiw <Ucf pwyer ti m and mode oE preparation of 
Hw ««• it be ■jBtfaetic^y obtained * 
" • " "■ -■■ Bo( cUorine npon ntetbaneT 



ISC Daacriba tlie actiiw of snlphiLrio acid upon alcoboL 

m. DaMrib* the dii«f pniperties of etbene. 

1S& Biow ia cUiinia obtained! How can its presence in ooal-eu 
toMeoteil 

UtL ^nriidhiiM tnaafonaed intobenicDeT What ia the adaoo 
«f atiiiiiwl jgiaila i^on thil gaa! How can it be tranafomied into 

fcyJfWTTMW Midi 

Ulk Deacribe tba mannfactore of coal-gss. How ia its illumisit- 
lUvahM aaeeitaiiwd! 

IXl. Wbat is flanw! Upon what does its iUuminaliog power 

1^ Dw c ribe fully the constttntioD of a cuidle Home. 

133. Gire some acconnt of the mode of action of the Buusen bnmar, 
and point oot the peculiarities of its Same. 

IM. Describe the various modes of obtaining carbon dioxidix How 
can it be ahown that it contains carbon, and that its molecular weidit 
Ut4I 

135. Hov many TOlnraea of oxygen dops one volume of oubM 
dioxide contain? 

13G. How many litres of carbon dioxide at 600° C. and 730 "— - 
pressure are formed by the complete combustion of 1 ton of aad 
containing S3 per cent of carbont 

137. How may carbon dioxide be obtained as a liiguidT DeiailN 
the properties of the liquefied gas. How can it be solidiGedt 

I^ Give some account of the experiments of Andrews on tb 
continuity of the lii^nid and gaseous state oE a body. 

139. What is the formula of carbonic acidi Give the compositka 
of A few of the more important carbonates. 

140. Describe tho mode of deteitnining the atomic weight of 




QDESTIOSS AND ESERCISE9. 
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i preparing eilicou, and describe 1 



141. Give the variona modea of obtaining carbon monoxide. What I 
are the chief properties of thia goa I 

143. How la cyanogen prepared? Describe the nature of its de- 
composition when in aqueoua solution. ^ 

143. How may pnre nydrocyanic acid bo prepared! What is tho j 
action (1) of heat, (2) of ammonia, and (3] of caustic potash upon it? F 

144. Give the chief teats for bydrocyanic acid. 

145. How is urea prepared from potassium ferrocyanidet 

146. Give the vanoua methods of p ' m:... _.. .. 

its properties. 

147. How ia silicon hjdride prepared? What are ita properties 

148. Name soms minerala consiating essentially of silica. How I 
may silica be obtained from silicates ? I 

349. DeHcribe tho process o£ dialysis, and show its applicabili^ 1 
to tlje preparation of a BolntioQ of silicic acid. 

150. Give the names and fonuulx of a few important eihcates, 

CHAPTER X. 

151. What is the origin of the term halogen? 

152. Wlien and by wham was chlorine discovered? What nam«i| 
was originally given to this gas T How does it nsnally c 

153. How may chlorine be obtained from common Bait ? 
154 Give the various modes of preparing chlorine from hydro-fl 

chloric acid. 

155. Give an account of the properties of chlorine. How does it 
act as a bleaching ^entT ' 

ie{i. How can it be shown that hydrochloric acid gas containaA 
hydrogen? 

157. What happens when a mixture of steam and chlorine is 
tbrougb a red'hot porcelain tnbe? 

158. Describe Deacon's chlorine process. 

159. How is the manganese dioiida recovered from the "still- 
liqaor " by Weldon's method! 

IGO. Describe fully what takes place when an aqneous solution of 
hydrochlorio acid gas is heated, and show what is the siguifica 
the phenomena obaerved. 

161. What is the action of the electric current on a solution ot9 
hydrochloric acid! 

162. Describe the modes of preparation and properties of 
various oiidos of chlorine. 

163. How are the different oxyacids of chlorine preparadT W 
are their chief proporties ! 

164. Describe the manufaotnro of chloride of lime. What is 
chemical constitution! 

165. How is potasainm ohlorate prepared! 
Hi6. How does bromine occur ia nature? How is it usually 1 

extracted, and what are its propertiea ? 



167' Deacribe the modea of obt^ning the IiydracidB and oxyalASa 



168. Deaoriba the mode of occarrence of iodine in nature. 

169. How can iodine be obtained fcojn kelp! Whnt are i 
pertiea, and how may it be detected ? 






iadiae obtaiand, and what are their 
IB o£ the halo- 



170, Describe tbe mudea of obtaJiuiig the hydracids and oxyacida 
of iodine. What is the action (I) "f sSphur dioside, (2) o£ elilarinB 
upon hydriodic acid gas? 

171. How are the chloridoa of ii 
propertiea! 

172. Deacribe the modea of obtaining the combination 
gena with nitrogen, and give their principal propertiea . 

173, How are nitryl- and nitroayl- chlorides prepared, and what 
are their properties t 

174 what ia aqnaregia, and how ia its solvent action npon ths 
noble metals explained? 

CHAPTER XI. 

175. Describe the origin and properties of the principal combinv 
tiona of the halogens with carbon. 

176. How ia chloroform obtained, and what are ita prapertiea t 

177. How is cthene diohloride prepared T 

178. What ia phosgano gaa? (Jive the various modes of obtaining 
it, describe its propottiBB, and explain the action of ammonia and 
water upon it. 

173. Give an account of the combinations of the balogeoB with 
cyanogen and with siHcon. 

180. Nome a few minerals containing fluorine. 

181. Howia hydrofluoric acid obtained? Deaoriba the action of ita 
aqueous aolutiou upon glass. 

182. How ia ailicon fluoride obtained, and wtiat is ita action npo 



CHAMER XII. 



lion udotI 



1S3.- How iloes aulphur occur in nature? Describe the t 
modes of extracting and reSning it. 

164. Describe the properties of the various allotropes of aulphur, 
and explain the action of heat upon them. 

185. Illuatrato, by chemical fcrmulre, the analogy between oxygen 
and sulphur. 

186. How arc the hydrides of sulphnr obtained, and what are 
their properties? 

187. Uow can it be shown that salphnretted hydrogen contains 
its own volume of hydrogen? 

188. Describe the action of sidpharetted liydrogen npOQ Holutiolll 
of (1) lead, (2) copper, (3) arsenic, (4) antimony, (5) iien, (C) oaloiuir, 
(7) caustic potash, and (8) a; " 



QUESnOSa ASD ESERCISE3. 41 3 

1S9. Give the nantoa and chemical formulc; of the oxyacitla of 
mlphur. 

190. Describe the various laodeB of obtnimng sulphur dia:xida, 
ff hftt are its properties, and how may it be detected ( 

191. What vohiroe of sulphur dioxide, at 150° and 745 m.m., may 
be obtained from 70 tons of pyritea containing 40 per cent, of buI- 

■ phur? 

193. Describe the modes of obtaining sulphur trioxide. What am 

froperdes, and what is the action of (1) water, (2) nitrogGn dt' 
s and (3) ammonia upon it ? 

193. How ia fuming Bulphuric acid prepared ? 

19t. Describe fully the manufacture of oil ot vitriol. 

195. How many tons of oil of vitriol, containing 92 per cant. 
H,SO,, can be obt^ed from 300 tons of pyrites containing 45-21 per 
cent, of siilphur ! 

19G. What are the properties of pure sulphuric acid! Name the 
impurities usually present in the commercial acid, and etato how 
they may be detected. 

197. What is the action of zi 



vapour and sulphuretted bydrogeu over heated copper! 

201. Describe the various modes of obtaining carbon oxysulphide, 
and explain the action of (1) water, (2) caustic potash, and (a) dry 
ammonia upon it. 

202. Describe the modes of preparation, and propertiea of the com- 
pounds of Bulphnr with the halogenB. 

203. How are thlonyl and anlphuryl chloride oht^ed ? What is 
formed on passing hydJ-ocMoric acid gas into fnming oil of vitriol I 

204. How does eoleuium occor in nature, and how may it be pre- 
pared from its compounds! Compare its properties with those of 
Bolphur. 

205. Give a short acconut of tellurium and its componnda. 

206. Name the chief sources of boron. How is bone acid obtained 
on the large aaale! 

207- How is boron fluoride prepared? What is the action of jrater 
and ammonia gas upon it! 

CHAPTER XIII. 

208. State the ch.ef sources of phosphorus in nature. 

209. Describe the manufacture and mode of puriScation of ordinary 
plioephortts. 

210. Describe fully the action of heat upon phosphorus. 

211. How is a lucifer match made ? 

212. Describe the mode of obtaining the various hydrides of phos- 



213. How is phoaphonium iodide obtained! 



414 INORGANIC CHEMISTRY. 

« 

214. Describe the method of preparing the oxides and ozyacids 
of phosphorus. 

215. Describe fully the various modifications of phosphoric acid, 
and show how they may be distinguished from one another. 

216. Describe the preparations and properties of the various chlo- 
rides, oxy- and sulpho- chlorides of phosphorus. 

217. ifame the chief naturally-occurring sources of arsenic. 

218. How is arsenic tnhydride obtained? 

219. How are the oxides and sulphides of arsenic prepared ? 

220. Describe the modes of detecting arsenic 
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